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THE PSYCHOLOGICAL REVIEW 





THE FUNCTION OF EMOTION AS SHOWN PAR- 
TICULARLY IN EXCITEMENT 


BY GEORGE M. STRATTON 
University of California 





The writer shares with others the desire not only to com- 
plete the detailed picture of the several major emotions, but 
also to see clearly what is the function of emotion generally. 
The present paper accordingly will attempt to add to each 
of two earlier reports.!. It will hope (a) to state more pre- 
cisely the quality and office of excitement, which has seemed 
worthy of a more important recognition than it has received; 
and (b) to return through this particular emotion to a clearer 
understanding of the rdle played by our emotions as a whole. 
And one may perhaps also be allowed in closing to yield to 
the temptation to enquire as to what the fuller evidence 
seems to offer for the correction of certain current theories 
of emotion. 

I. 

It is our good fortune to have an account given me by my 
friend, Dr. William E. Ritter, of his experience on a fateful 
morning at La Jolla, California, where, as is well known, he 
was for long the Director of the Scripps Institution for 
Biological Research, now the Scripps Institution for Oceanog- 
raphy. In addition to its intrinsic interest, his account 
has the scientific merit of having been dictated for record 
on the day of the events which he describes. Since its details 

1*An Experience during Danger, and the Wider Function of Emotion,’ in 
‘Problems of Personality: Papers in Honour of Dr. Morton Prince,’ 1925, pp. 45-62. 


‘Excitement as an Undifferentiated Emotion,’ in a volume of papers upon Feeling 
and Emotion, presented at Wittenberg College in October, 1927, now in press. 
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are so pertinent and so absorbing, I shall give his experience 
in his own words and with but few omissions. 


On the morning of February 3, 1922 [Dr. Ritter writes], a near 
tragedy by fire occurred in my household. A short time before 
breakfast, while I was sitting alone in the dining-room before an 
open fireplace, my little niece, six years old, Alice W., came down- 
stairs ahead of her mother and father and the other members of 
the family, took her place in front of the fire with her back toward 
it, and began talking to me. Her night garments were still on, 
and over these a morning dressing-gown of flannelette (cotton with 
a nap-covered surface) that reached nearly to the floor. Getting 
a little too near the fire, without an instant’s warning the whole 
back of her outer garment was enveloped in flame. 

Alice was within easy arm’s reach of me and my first recognition 
of what was going on consisted in seeing the flame over her shoulder 
and hearing a little outcry by her. At the very instant, so far as 
I can tell, of my awareness of what was happening, there was 
before my mind the case of a terrible burning of one of my own 
sisters which occurred while I was an infant, and concerning which 
I consequently had only indirect knowledge. The burn left my 
sister badly scarred for life, and the event was epochal for the entire 
family. ‘The summer Ella was burned’ was a more-or-less cardinal 
date of reference for many of the incidents in the family history. 

Along with this memory-picture stood the picture of the little 
B. girl. This case happened in La Jolla some six or seven years 
ago and, although outside my own family connections, it was 
within my circle of acquaintances and I had considerable knowledge 
about it. The little girl, considerably younger than Alice, was 
clothed in much the same way, at least so far as the outer garment 
was concerned. The fire caught, in her case, from the flame of a 
coal-oil stove, but the spread of it was apparently much like that 
which I was here witnessing. The clear proof in these two cases 
of the high inflammability of cotton flannel gave me a feeling of 
condemnation for garments of this sort for children, at least. 

The B. child was horribly burned. The hands were nearly 
burned off, the throat and face were made almost unrecognizable, 
and the little patient hovered between life and death for weeks. 
However, she recovered, but so disfigured as to make her a dis- 
tressing object to look upon, and almost helpless. The realization 
that dear little Alice was in imminent danger of such a calamity 
was a large part of my ‘content of consciousness’ from the very 


first instant. 
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But with all the rest there was the automatic impulse to action. 
To throw down the paper I was reading, to spring to my feet, and 
to grasp the girl with both hands were acts quite independent, so 
far as I can tell, of thought directed to them. But thought as to 
what course to pursue came almost simultaneously with the initial 
perception and actions. Four main alternative possibilities pre- 
sented themselves together, so far as I can tell: smother the flame 
within the garment itself; smother it in a blanket or something 
similar; pull off the garment; or flood the whole with water. 

As to the choice between these four courses: Smothering the 
flame within the garment, being the most immediate possibility, 
was tried at first. But an instant of effort showed its futility. 
No blanket or anything suitable for smothering was available 
without leaving the room (the possibility of using a small floor rug 
that was within reach did not occur to me until later, but it seems 
now that the stiffness and heaviness of the rug and its inadequacy 
in size would probably have made this alternative less effective 
than the one pursued). As for extinguishment with water, the 
chances, though something, were so remote that it was given no 
great consideration. The only chance was a faucet in the kitchen 
which meant passing through a door and carrying Alice at the same 
time, as there was no one to open the door; and obviously the flame 
was doing its deadly work so rapidly that there was little promise in 
this direction. 

Consequently, the fourth alternative, that of stripping off the 
flaming garment was settled upon as offering the greatest chance 
of success. Alice’s outcry and effort to protect her face by throwing 
up her arms and diving her face down on her chest and under her 
arms was an instantaneous reminder of the danger of inhaling the 
flame. Consequently to help her instinctive action in this was 
part and parcel of the task in hand. My whole action-system 
operated to the two-fold end of keeping the flame from her face and 
getting the garment off by stripping it over her head. Such a thing 
as unbuttoning and removing it in the usual fashion was obviously 
out of the question. To strip it over the head and by main force 
pull it loose from the body was the only thing. This was accom- 
plished with, however, more hard jerking and hauling than were 
really necessary. The flaming garment was torn off and thrown 
into the fireplace to prevent its setting the house on fire, with no 
burns on Alice except some singeing of her hair. This fortunate 
outcome was undoubtedly largely due to the fact that she had on a 
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woolen union-suit under her gown. Except for this the body would 
have certainly been severely burned. The immunity of the face 
and mouth was attributed mainly to her own instinctive protective 
responses, but partly to my effort to keep the front of the garment, 
which was less enveloped in flame, as close as possible to her face 
while pulling it off. 

But in connection with this part of the situation, a new and 
terrible thought came to me. Alice’s outcries largely subsided 
toward the end of the struggle; and the query, ‘Has she actually 
breathed in the deadly flame’? gave me an instant of dreadful 
suspense. But this was only momentary, for she scrambled to 
her feet from the floor where my hard treatment had thrown her, 
and was ready to run to mother and father—clearly unhurt. The 
sense of relief at such an issue of such an event is great indeed! 

An interesting bit of child psychology came in at this point. 
Alice seemed to be more impressed at first by my rough treatment 
of her than by what the fire did to her, or soon would have done. 
The expression on her face during the moment she stood and looked 
at me, after regaining her feet and before starting to run, was very 
striking. It told of a mixture of bewilderment, fright, and anger, 
so far as I could interpret it. And it took considerable time for her 
little mind to clarify itself wholly as to what or who was really 
responsible for what had happened to her, and to recover her 
wonted confidence in the source uf her bad treatment. 

Only after some hours was she convinced of my blamelessness 
and continued love for her, making me still deserving of her hugs 
and kisses. And it was even some days, with the assurances of 
mother and others, before her fear of the fireplace was entirely 
removed. 

Along with the contents of consciousness already described 
was the question of assistance. 

My vocalization was, I am aware, fairly vigorous but almost 
involuntary and aimless. Whether I uttered any definite call words 
I am unable to say positively. My impression is that I did not. 

The thought of help certainly came into my mind—particularly 
help in the way of holding Alice so that I might have something to 
pull against in tearing off the garment. The father naturally came 
forward most distinctly in this connection, but the mother and 
Mrs. Ritter were also dimly present in my thought, as were the 
two members of the household in the kitchen preparing breakfast. 

I am quite sure now, as I think back over the affair, that the 
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rapid spread of the flame and the distance away of father and 
mother, with closed doors intervening, influenced me against 
spending time or effort trying to get help. Vaguely my thought 
was, essentially, ‘yourself alone or disaster.’ 

As for myself, there was undoubtedly an element in consciousness 
of hands being burned, but undoubtedly this element occupied only 
a very minor place in the total of consciousness. This seems to me 
a significant fact. I cannot now recognize that there was any 
particular thought of disregarding injury. Sense of pain from the 
burning was very slight. In fact it amounted to scarcely more than 
the consciousness that one has of his hands when he is vigorously 
using them in any ordinary performance. I am quite sure that 
there did not come to me the thought that very likely my hands 
were being burned more than I appreciated, but of course there 
was no possibility of taking this into account as long as there was 
serious work to be done. The dominant element of consciousness 
I am quite sure, while the whole activation system was in operation, 
was to complete the job... . 

Another interesting fact connected with the pain is the slowness, 
previously referred to, with which it became established in con- 
sciousiless. 

Was this due mainly to the well-known slow response to painful 
stimuli? ‘The differences of time of response to different stimuli 
and different intensities of the same stimulus observed in laboratory 
experiments are altogether too short to account fully for the retarded 
on-coming of the pain in this instance. . . . 

While the chances of the house and my own clothes taking 
fire undoubtedly presented themselves in my consciousness, the 
place they secured there was so exceedingly small in contrast with 
the place occupied by the main task, the saving of Alice, as to cut 
practically no figure in the actual situation. Had there been 
anything close by which from past experience I had known to be 
highly inflammable, this presentation would, in all likelihood, have 
gained a larger place... . 


Il. 


Having this experience before us in such valuable fullness, 
is it easy to find a place for it in the current classification? 
Or, for properly receiving it, does that system need extension? 

For example, is it fear? In some respects, yes. There 
was an unsurpassed appreciation of the danger to the child, 
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of the imminence of death or of life-long and horrible dis- 
figurement; and there was an instant and intense activity to 
avert such an outcome. And yet if we are to regard momen- 
tary paralysis or a hiding or headlong flight as an essential 
mark of fear, then this is not fear. The threatening forces 
were not avoided; they were faced. Instead of using all 
effort to withdraw sight from them or to reach a safe distance, 
they were kept in view, and the distance was diminished 
and the situation was made less safe for the prime agent, 
although safer for the child. 

Or is it love? Hardly love, although love was in and 
behind it, but less as an emotion and more as a hidden motive, 
as an underlying force. The man stays by the beloved 
object, but not to enjoy its nearness, not to caress, not to 
embrace. The tenderness of manner, the smile, the prompt- 
ing to soft tones and to their lyric sequence—of all this we 
find no trace. 

Is it joy, or is it sadness? It has kinship with both of 
these, but is clearly neither of them. Nor should one have 
much satisfaction in holding it to be one of the highly 
composite emotions, of interest to those who used to busy 
themselves with showing the long list of emotions mingled in 
such things as ambition and reverence and jealousy. It was 
unprofitable Fusiness and no two analysts came to the same 
result. 

In some respects the behavior we are considering comes 
close to the ‘objective’ behavior often seen in anger. There 
was violence toward another human being, garments were 
torn from her, she was thrown ruthlessly to the floor. There 
was passionate effort to break through, to sweep aside the 
obstacles to the satisfaction of desire. Looking only at its 
externals one might well call it anger. But we who know 
something of its interior, will refuse to call it anger, for it 
so signally fails to show the internal form and qualities of 
anger: there was no antipathy to the child, no dislike, no 
judgment that she was of low worth, no purpose to injure her. 
On the contrary, there were present the opposites of these. 
We therefore cannot call the conduct angry. 
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In preferring, then, to regard this as excitement, one is 
not multiplying terms preter necessitatem. ‘There is need of 
a place and designation for such an experience as this of 
Ritter’s and for the many similar, although usually far less 
striking, experiences. 


Ill. 


But having named and placed it, what ofits closer 
character and function? Can it be completely understood by 
seeing in it, as would Kantor, a mere break-down of motor 
integration; or by seeing it, as would Cannon, to have as 
its end an energizing of certain muscles, all else being a 
means of increasing upon the instant their strength of action. 
With the reader’s patience, and with the same purpose which 
guided the examination of the experience of the aviator in a 
paper earlier referred to, I shall enter into the present case 
with some care. 

1. There was a clear access of motor energy. Directly 
upon the child’s outcry, which drew attention to her and 
revealed the flames, came vigorous muscular action. The 
man who was seated, reading his morning paper, sprang to 
his feet and grasped her with both hands. The strength with 
which Ritter tugged at her blazing clothes threw the child 
to the floor. The energy expended was enough to pull the 
garment, by main force and without unbuttoning it, over 
the child’s head. The result was accomplished, he tells 
us, with more of jerking and hauling than was really necessary. 

2. Many complicated motor integrations were maintained. 
There certainly was no general break-down of neuro-muscular 
coordination. There was no dissolution, by stress of the 
excitement, of all codrdinated voiuntary movements. Rising, 
standing, grasping the child, grasping the garment and 
tugging at it with hands and arms while keeping his own body 
from losing balance by this pull; all the complicated ocular 
adjustments necessary for observing the child and for guiding 
the acts aimed at her relief; all these and the vocal codrdina- 
tions for inarticulate cries, if not for speech itself, remained 
without appreciable impairment. 
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3. Many motor integrations that were commonly available 
were not actually innervated. ‘They were either omitted or 
actively suppressed. The whole repertory of motor activity 
was not indiscriminately brought out by the exciting situation. 
Ritter did not run or lie down or wave his arms above his head 
or dance up and down or whirl around. Even acts which in 
other circumstances might have seemed the normal accom- 
paniment.of some parts of the experience did not appear. 
He thinks it probable that, although there was vocalization, 
he uttered no articulate call for help. And yet he thought 
of the need of help. He also passed a condemning judgment 
upon cotton-flannel as a material for children’s garments, 
yet probably without expressing this judgment in words. 
Nor does it seem probable, from the evidence, that his varied 
memories and the alternative courses of action to save the 
little girl were expressed in orderly speech. Nor were all 
these alternative courses enacted as soon as they were thought. 
They seem to have been thought of almost if not quite 
together, then two of them were not enacted at all, and one 
of the remaining two, namely, that of smothering the flames 
by the dress itself, was carried to the point of obvious un- 
success, was stopped, and the other course was tried: the 
flaming gown was stripped off and thrown into the fireplace. 
Various systems of action thus were kept inactive; so that 
they did not interfere with the more promising systems. 

4. In any given stretch of time a greater variety of behavior 
was near the threshold of overt innervation than is usual in 
times free from excitement. Movements followed one another 
at a rapid rate: the act of throwing down the newspaper, 
of rising from the chair, of grasping the child, and so on, 
to the final throwing of the flaming cloth into the fireplace— 
these movements were done not only with uncommon energy, 
but with an uncommon speed of sequence. It was as though 
there had been introduced some mechanism for facilitating 
the transitions, for throwing the switch with lightning speed 
from one circuit of action to another. This is not the same 
as mere access of strength in muscular contraction; it is not 
the same as the latent effect of practice, such as exists in all 
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habit. It is a special and transitory preparation for a great 
variety of acts either together or in sequence. There appears 
a heightened neuro-muscular alertness, as though all the 
habits now had ‘fallen-in’ and stood at attention, like 
soldiers, with special readiness, now of one squad and now 
of another, to carry out at double-quick the rapidly succeeding 
commands of execution. 

5. There was a richer, a more varied cognitive operation, 
than is usual in a moment of calm. As the motor field was 
profoundly affected, so was the intellectual. Perceptions, 
memories, judgments, outline sketches of possible procedure 
were present in abundance. There was a perception of the 
child, of garments, flame, outcry; there was recollection of 
two children, along with the ideational leap to the thought 
that a like horrible disfigurement might be the issue to the 
present child; there came to mind in idea four courses of 
action; there was thought also of a special danger from 
inhaling the flames—that this must at all costs be averted. 
The ceasing of the child’s outcry at a moment before the 
struggle was ended aroused the query whether she had not 
already breathed the flames. A two-fold idea was present 
as a guide to action: to keep the flame from the child’s 
mouth, and to get the garment off by slipping it over her 
head. The thought of help from others came to mind—from 
Mrs. Ritter, from two members of the household then busied 
in the kitchen, from the child’s mother, and, chief of all, 
from the child’s father. One is amazed at the wealth of 
cognitive material thus offered the man for his use. 

6. There was an almost incredible acceleration beyond the 
normal in these cognitive irruptions and transitions. The 
curtain is hardly up when the inner drama has already 
rushed on to crisis and conclusion. If one could only have 
a chronometric record of all this headlong course! In an 
instant at the cry and the sight of the flame, came its meaning, 
came the memories, came, in thought, possible modes of 
action. The idea of help from others was overtopped by a 
thought something like ‘Yourself alone or disaster’! The 
rate is almost as though there were no real, but only a specious 
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sequence, spread out into a succession only by later analysis. 
In a flash a particular plan is acted upon, found futile, and 
in its place another is adopted. One is allowed to catch a 
glimpse not only of cognitive intensity and of cognitive 
variety, but of almost unbelievable swiftness. 

7. There was no cognitive arousal, helter-skelter, of all ideas 
in any wise associated with the cardinal point of perception. 
Not all the things that by mere recency and frequency might 
have been suitable to be thought of did actually arise in 
thought. There was some effective process of sifting, of omission 
or of active repression. The store of Ritter’s knowledge, for 
example, of the child’s sensory and motor mechanism, his 
knowledge concerning the comparative anatomy and physi- 
ology of the actions he now observed; of the physics of 
combustion, of sound, of color;—the reservoir of these and ten 
thousand other details of ready scientific knowledge was not 
tapped. Ready to enter, they did not enter in. They per- 
haps were actively shunted off, psychically and neurally 
inhibited, as of no use to meet the present crisis. The ideas 
of danger to the house and of danger to the agent himself, 
seem to have been able to reach at most the margin of the 
conscious field. Even the sensations from the burning hands 
were perhaps subjected to a partial dissociation or suppression, 
as in soldiers unaware of their wounds as long as the charge 
is on. Ritter was aware, in some purely intellectual way, 
that his hands were being burned; in fact his hands were 
burned severely enough to require the later application of a 
lotion of lead and opium, and of bandaging. But this 
knowledge of their burning was allowed only a very sub- 
ordinate place in the total system of his thinking. It was 
kept from guiding his conduct; it was most loosely connected 
with the system in control; it approximated to a condition 
which, if grown large, would be what Morton Prince calls co- 
consciousness. ‘The delay in their surging up was, as Ritter 
himself observes, probably far too great to be explained by 
the normal physiological lag in the progress of pain’s message 
to the cortex. The sensations themselves were somehow 
transfigured psychically into an unusual tang or intensity of 
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the touch sensation, into ‘an exaggerated sense of touch.’ 
There seems to have been a repression or masking of the pain, 
not amounting however to a complete suppression. 

8. There was an uncommonly compact integration or organ- 
izing of the, 1tems which held the center of the cognitive field. 
Everything that was admitted must be made to bear hard 
upon a single theme. ‘The ideas there active formed almost 
a closed system, but by no means a fixed system. Indeed 
nothing could be less stationary, nothing more mobile. 
Change rushed upon change, but according to a constant 
formula. The multitudinous contents were kept in order at 
every moment and in their kaleidoscopic mutation. Each 
and all must bring some definite offering, must assist toward 
an acceptable landing-point in the process of thought. 

9. Suddenly from, and along with, the cognitive system 
there arose a conative system which controlled both cognition 
and muscular movement. The perception of the peril of the 
child awoke an impulse which thereafter dominated all 
sensory and intellectual processes and all neuro-muscular 
response. To save the little girl, to save her from life- 
long disfigurement or from death itself—this purpose ruled 
everything; ruled the voluntary muscles, dominated the 
nervous system, directed the perceiving, the recollecting, 
the imagining, the judgmental accepting and rejecting, and 
facilitated or inhibited all minor impulses. The task or 
aim, in some way not clear to psychology as yet—for the 
directing was undeliberate, unreflective, and for the most 
part as though it were automatic; while yet it was mani- 
festly intelligent, unhabitual, freshly adaptive—this aim 
energetically controlled all entrances and exits, controlled the 
constituents and the organization of the motor, sensory, 
cognitive and subordinate conative features of the entire 
experience and expression. It was a remarkable hierarchy of 
systems, with purpose giving order to the whole. 

Dr. Ritter’s experience then, in sum, reveals characters 
similar to those which appeared in the experience of the 
aviator, earlier recounted. The elaborate and profound dis- 
sociation in the aviator’s case was clearly of an unusual degree; 
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the more nearly normal dissociation or repression is repre- 
sented in Ritter’s case. Save for this, the marks so important 
in the one experience recur in the other; the examination of 
each confirms the findings in the other. 

But what is important to be discovered in such cases can 
now be better stated, I feel, than in my discussion of the 
aviator’s experience. The significant features would be re- 
flected in the following summary, which like any general 
statement would in the end require a more careful delimita- 
tion. For unquestionably there are effects of emotion which 
are the very opposite to those here set forth. The except- 
ions, the facts which do not run true to this picture, if fully 
told, would carry the present paper to an unseemly length. 

The Dynamic Character of Excitement and of Emotion generally, 
at least in its Sthenic Phase. 


Conative 


Intense desire and impulse toward a certain definite result; 
organization of all the motor and cognitive activities set forth 
below, toward the fulfillment of this dominating desire and im- 


pulse (9). 


Motor 


Maintenance of certain elaborate 
motor integrations useful for the result 
desired (4). 


Cognitive 

Organizing of such ideas as are per- 
tinent to the main objective and to the 
particular steps by which it is to be 
attained (8). 

Dissociation, repression, omission of 
certain images and ideas useless for the 
end in view (7). 

A more rapid tempo in the rise and 
succession of images and ideas (6). 


Omission or inhibition of certain 
action-systems now useless for the result 
desired (3). 

Extensive energizing of certain 
striped and unstriped muscles; increased 
speed and vigor of the constituent move- 
ments and of their succession (2). 





A lowered threshold of innervation; 
an increased number and variety of motor 
acts in a state of ‘readiness’ for actual 


A lowered threshold of imagery and 
ideation; a larger and more varied array 
of ideas on the verge of full activity (5). 





occurrence (1). 


A representation of the facts in this way, if it be verified— 
and it seems clearly suggested by the two chief exhibits before 
us, Ritter’s experience and the aviator’s, as well as by the 
evidence from many a less telling case—gives assurance that 
the inner and outer upheaval is far more complex and is of 
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far more service than has generally been recognized. Excite- 
ment and emotion generally are not primarily and usually 
causes of inadequacy, or reactions which reduce one’s adequacy. 
They rather usually are reactions which increase our adequacy; 
they supplement our routine modes of response which at the 
moment appear inadequate. ‘They may arise when calm action 
seems inadequate, indeed when it actually is inadequate. 
But the emotion itself normally, at least in its sthenic 
phase, helps us on toward a condition in which we are 
more nearly equal to the occasion. It helps us to meet 
an emergency by making more easily available, and by more 
perfectly organizing, whatever is of promise for success, of 
promise in our entire equipment, native and acquired, and 
whether it be sensory, motor, intellectual, hedonic, or of 
impulse, whether instinctive or of habit. Behind and in 
support of a purpose enlivened by emotion, there is suddenly 
made ready for use an enlarged array of powers of most varied 
character. The study of such experiences thus reveals the 
fuller function of excitement and of each of the more 
specialized emotions as an elaborate device for meeting un- 
common difficulties. 
IV. 

In closing we might glance at some aspects of current 
theory, to see what may be the bearing of this account upon 
them. If the present findings are correct, they indicate, as 
has already been suggested, how insufficient—although partly 
true—is the account which makes of emotion a mere break- 
down of motor organization; how insufficient also is the 
account which finds in many of the major emotions only an 
elaborate device by which the autonomic neural system, and 
certain glands and unstriped muscles contribute to an increase 
in the immediately available energy in the skeletal muscles. 

I shall then at once pass on to other implications of the 
present view. Excitement has an external character which 
can be observed and recognized by others; can be recognized 
and studied in the expression of the face, the posture and 
rapid movements of the voluntary muscles, studied also in its 
physiological events, in the autonomic nervous system and in 
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the action of the circulatory and respiratory systems and in 
the glands of internal secretion; can be studied by means of 
the ergograph, the chronograph, the pneumograph, the 
sphygmomanometer, and the galvanometer. But the person 
who experiences the excitement in himself can observe and 
report a wealth of features which quite elude all these other 
means of approach. The aviator’s own report, the biologist’s 
own report, by which we have profited, gives us what can be 
had in no other way. The study of excitement, therefore, 
if it is to be most successfully carried out, requires that the 
facts be approached through behavior but with no exclusive 
attachment to externally observed behavior. The fullest 
acquaintance with excitement is renounced if one is unwilling 
to search it out with all the psychological methods, including 
those of anatomical and physiological psychology, and those 
of critical self-observation. And further, excitement will in 
the end be ill-understood unless one study it in different races 
and at different periods of social evolution, by means of its 
products in custom, in legend, and in literature. The present 
account of excitement, then, if it be a supplement to the 
older view, offers a friendly hand to those who are interested 
in the bodily side of behavior but lifts a finger of caution to 
those who would ride this interest into an ‘ism.’ 

Having shaken its head at behaviorism, our account—with 
admirable impartiality—makes a friendly remonstrance with 
James and McDougallalso. The present account is congenial 
with much which McDougall holds; it goes along in hearty 
agreement with his belief in the important rdle which em- 
pirically-observed purpose plays in our mental life. But if 
excitement is an emotion and has here been correctly de- 
scribed, one cannot hold that in every case emotion and some 
highly specialized innate muscular response or instinct are 
but two poles or aspects of one and the same psychophysical 
entity; that every emotion has its characteristic instinct, and 
every instinct its characteristic emotion, and that each pair 
has its special situation which evokes the instinctive-emotional 
response. Fear and anger, as everyone knows, already offer 
difficulty enough to such a theory. Each of these emotions 


FUNCTION OF EMOTION IN EXCITEMENT 365 


is conjoined with an endless variety of muscular reactions 
and is evoked by an endless variety of situation-stimuli.? 

And when we consider joy and sadness, their repugnance 
to the McDougall theory is seen to be stronger still: these 
great emotions cannot with any show of reason be brought 
within that plan. For what is the particular object which 
arouses joy or arouses sorrow; and what is the particular 
response which is wedded to each of these emotions? Endless 
are the occasions of each, and endless are its manifestations. 
But in the presence of excitement, the theory must hide its 
diminished head. There now disappears the last foot-print of 
an excuse for holding that a one-to-one, a monogamous, 
relation holds between instincts on the one hand and emotions 
on the other. 

And still further, the facts here presented are cramped by 
the theory of James and Lange. For in the first place who, 
with Ritter’s experience in mind and allowing one’s judgment 
to be guided by the data themselves, would feel strongly 
tempted to say that the emotion here has its chief substance 
in a confused mass of organic sensations? Such sensations 
unquestionably played an important rdle in making the 
emotion what it was. But other features which cannot be 
identified with organic sensations did quite as much, in- 
deed did more. The extraordinary reorganization of motor 
and cognitive functions; the psychophysical alertness, the 
heightened speed with which action followed action, and with 
which thought followed thought; the sudden influx of un- 
accustomed memories—these and much besides are obviously 
not visceral commotion merely. The somatic agitation may 
well have given a peculiar tone to the experience, but they 
did not constitute the many features which, as we examined 
it, made the experience stand in sharp contrast to mental 
calm. The new impulse which governed all, the instantaneous 
cognitive suppressions and facilitations, marvellously inte- 

2 Shand has seen that anger and fear are coupled with, not one ‘instinct’ each, 
but with several ‘instincts,’ thus enabling the person to show different forms of fear- 


behavior and different forms of anger-behavior in different situations. See his ‘Foun- 
dations of Character,’ 1920, 239. 
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grated to accord with the ruling impulse, all this is a matter 
of organization and is not adequately described as a confused 
surging up of sensations from the viscera and skin and muscles 
and joints. The James-Lange theory tells us of some raw 
materials of the organized whole, but neither describes nor 
explains the organized whole itself. 


[MS. received February 9, 1928] 








THE SOCIAL ORIGIN AND FUNCTION 
OF LAUGHTER 
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Madison, Wisconsin 


No generally accepted theory of the origin and function 
of laughter has yet been set forth. But the problem has 
attracted attention ever since men began to write their 
philosophies. Psychologists, especially, have puzzled over it. 
Darwin gives it a chapter. Ribot presents the problem at 
length. Spencer considers it. Woodworth, Judd, Allport 
and others take up the problem. Books have been on the 
subject by Sidis, Bergson, Sully, Eastman, Philbert, Raulin, 
Vasey, Hunt and Gregory. These are only a few of the 
many distinguished men who have given their attention to 
the subject of laughter. 

Bergson, in his ‘Le Rire’ which went through seven edi- 
tions in the original French and was translated into six other 
languages, says, “‘The greatest thinkers from Aristotle down- 
wards, have tackled this little problem, which has a knack of 
baffling every effort, of slipping away and escaping only to 
bob up again, a pert challenge flung at philosophic specu- 
lation.” ? Th. Ribot, in ‘The Psychology of the Emotions,’ 
admits, “‘But to connect it with an internal cause, to say 
why one laughs, is a very difficult problem.” 2 And Darwin 
states, “‘Many curious discussions have been written on the 
causes of laughter with grown up persons. The subject is 
extremely complex.” 3 

Gregory has written the most recent extended work on 
the subject, ‘The Nature of Laughter.’ After his compre- 
hensive research, he states, “‘No specific purpose seems to be 
appropriated to laughter.” One might well sum up the 

1 Bergson, C., ‘Le Rire,’ 1900, p. 1. 

* Ribot, Th., “The Psychology of the Emotions,’ 1897, p. 351. 

* Darwin, Charles, ‘The Expression of Emotions in Man and Animals,’ 1873, 


Pp. 200. 
4 Gregory, J. C., ‘The Nature of Laughter,’ 1924, p. 157. 
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quandary of science in regard to laughter in the words of 
Allport, “Laughter, which is preéminently a response to 
social stimulation, has been a subject of speculation among 
philosophers of all ages. The greatest obstacle to a satis- 
factory explanation has been that, unlike other basic forms of 
behavior, laughing does not serve any known biological 
purpose.” ® 

It is my present purpose to project into the discussion a 
theory of the origin of laughter on the ground that it is not 
a biological, but a social function. I do not pretend to give 
an entirely complete theory of the ludicrous. But my 
suggestion does bring, I believe, a certain amount of order 
out of the psychological and philosophical chaos now sur- 
rounding the discussion of laughter. 


I. LauGHTER As A MEaANns oF COMMUNICATION 


Let us approach the phenomenon of laughter from its 
physiological side. ‘The first thing we note is that a larger 
amount of air is gasped into the lungs than in ordinary 
breathing. If spasms of laughter continue, the inhalation of 
large amounts of air is repeated. Taking a big breath is 
accompanied by tensing the body. Angell states, “‘The 
laugh is the motor activity which inevitably accompanies the 
explosive release from sustained tension, with its suspended 
breathing.” ® So two things are noted physiologically before 
laughter begins, the taking in of a big breath and the tensing 
of the body. 

The laugh is initiated with a general relaxation of the 
body. The mouth is opened for vocalization. The zygo- 
maticus major muscles pull back the corners of the mouth. 
As the mouth is opened there is an adjustment of the vocal 
bands for sound production and the air is forced out by 
rhythmic contractions of the muscles of expiration.’ 

Laughter resembles speech in that it is a physiological by- 
product of breathing. West explains the fundamental pur- 
pose of the original inhalation of a large amount of air. 

5 Allport, F. H., ‘Social Psychology,’ 1924, p. 252. 


6 Angell, J. R., ‘Psychology,’ 1904, p. 388. 
7 See Darwin, op. cit., for a physiological description of laughter. 














ORIGIN AND FUNCTION OF LAUGHTER 369 


“If what happens in a given situation is incongruously 
different from what we expected to happen, we catch our 
breath instinctively. We react like the caveman who finds 
the puma in his cave. We prepare our bodies for action. 
We gasp.” ® ‘ In other words, the original gasp for air is for 
the purpose of supplying oxygen to the muscles for an 
emergency. It is undeniably true that there is an instinctive 
act of taking a big breath preparatory to meeting an 
emergency or performing any vigorous physical act. From 
the physiological nature of man we can assume that such 
instinctive taking of big breaths in the face of danger is 
older than laughter. 

Man has long been a gregarious animal. He withstood 
dangers, he approached his quarry, he fought his enemies with 
the assistance of his fellows. In the later development of man 
this social life developed speech. But before speech de- 
veloped there was a long period in the history of the race in 
which there were prelingual vocal signals not unlike those 
of the other animals today. Children’s crying is undoubtedly 
older than speech. So vocal signals, all anthropologists will 
surely admit, came before elaborate language. 

In primitive times men were necessarily alert to the many 
dangers that beset them. Whenever a danger threatened the 
group its members tensed their bodies and nerved themselves 
for the possible emergency. This is a wearing, energy-taking 
attitude. On all such occasions it was an economy for the 
group to have some signal which could be used by the first 
one who discovered that the danger was over. Such a signal 
was likewise helpful in case the group were dispersed, as in a 
forest. If a member of the group found that the supposed 
enemy was a friend, or that the alarming noise was only the 
falling of a rotten limb, or if he discovered the enemy and 
killed him, a signal would have been valuable for carrying 
information to other members of the group that the danger 
was passed—that it was safe to relax. The only means of 
signalling distant comrades and those with their backs 
turned, and the easiest way of signalling those nearer, was by 


® West, R., ‘Purposive Speaking,’ 1924, p. 104. 
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vocalization—a process especially available because of having 
already filled the lungs more than usual in order to meet the 
emergency. 

My theory is that laughter was originally a vocal signal 
to other members of the group that they might relax with safety. 
It is as deeply implanted in the social fabric of human society 
as is singing among the birds. Whether it is an original 
part of our equipment (instinctive) or is acquired by learning 
no one knows, but that makes no difference in the present 
discussion, because if laughing is not instinctive it is at 
least a conditioned response acquired early in life.® 

Laughter is especially well adapted for signalling, as will 
be seen on a reconsideration of its physiology. The purpose 
of the bodily tension and heavier breathing is to meet an 
emergency. Pulling the corners of the mouth back assists in 
vocalization because sounds carry further when made with the 
lips withdrawn as in laughter than when made with the lips 
passive. The rhythmic contractions of the muscles of expira- 
tion vary the sound and thus make a better signal than would 
sound without variation. The relaxation, always found in 
laughter, resulted originally from a consciousness of safety. 

No one has before presented the explanation of laughter 
as developing from a vocal signal that relaxation is safe, 
but we shall see later that this explanation is only a logical 
development of the thinking of many others. 

Laughter and smiling are so closely connected that it is 
necessary to explain the development of the latter. Let me 
begin by quoting Darwin, whose explanation will surely be 
accepted, not necessarily because of his eminence, but because 
of the reasonableness of what he says, “The habit of uttering 
loud reiterated sounds from a sense of pleasure, first led to 
the retraction of the corners of the mouth and upper lip, and 
to the contraction of the orbicular muscles; and that now, 
through long association and long-continued habit, the same 
muscles are brought into slight play whenever any cause 
excites in us a feeling which, if stronger, would have led to 
laughter; and the result is a smile.” 1° 


® Darwin’s observation of his first child laughing at the age of 113 days is usually 
accepted as average. See Darwin, op. cit., p. 211. 
10 Ibid. 
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As set forth here laughing preceded smiling in the history 
of the race. An objection may be raised upon the fact 
that an infant develops a smile many weeks before he laughs. 
The answer is:. Parts of action patterns may be developed 
independently and later be consolidated. For example, the 
infant develops action patterns connected with walking, 
speech, and sex long before the final, completed movement is 
developed. Continuing Darwin’s explanation, it should be 
noted that we use facial expression as well as vocalization as 
a very definite means of communication. It was a natural 
development from laughter that when primitive man was 
within sight of his fellows he should come to use the smile as a 
signal. As the laugh was a vocal signal that everything was 
safe, so a smile was a derived visible symbol of the same 
meaning. The transfer of meaning from vocal symbols to 
visible symbols occurs again and again. Perhaps the most 
interesting and conclusive example is to be found among deaf 
children who have been taught, without the assistance of the 
auditory check, both to speak and to read lips. When 
talking with a normal person they vocalize, but when talking 
with other deaf individuals they go through all the external 
movements of speech without using the vocal folds, and 
consequently they make little or no sound. So deaf persons, 
in conversing with each other, abandon the use of sound and 
use only the derived visible symbols. It seems entirely 
reasonable, then, that the smile is a derived visible signal, 
developing from a vocal signal. 

On the first consideration one is inclined to wonder why 
we smile in the most simple and apparently safe situations, 
such as when we pass a friend on the street, or as we make 
some pleasant remark to a child. The answer, according to 
the present theory, is that through the smile as a derived 
signal we flash the meaning or information, “‘Have no fear 
of me. I like you and will not hurt you. The situation 
is safe.” ¥ 

Laughter and smiling still retain their original meaning. 


“ After writing this description of smiling I observed the similar description in 
Eastman, M., “The Sense of Humor,’ 1921, p. 4. 
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They have wider applications. They have made new adapta- 
tions. But fundamentally they have remained the same. 
This will be apparent as we take up the commonly recognized 
facts of laughter and see how they harmonize with the 
theory. 


II. THe THreory or CoMMUNICATION AS RELATED TO THE 
Facts oF LAUGHTER 


The most outstanding fact of laughter is that the indi- 
vidual experiences a certain pleasant exhilaration, known as 
joy. According to the theory of communication it would not 
be said that laughter originally caused joy, or that joy caused 
laughter; but rather, laughter and joy had the same cause, 
namely, a sudden realization of safety. Laughter as a signal 
came to be automatic. It was a response to a given type 
of situation, and was retained and developed in the economy of 
human society because it performed an important function. 
Since a sudden realization of safety is one of those things 
which always cause joy, and since a sudden realization of 
safety almost always produces laughter, it is natural that 
laughter and joy should frequently be found together.” But 
there was originally no causal relationship between the two. 
Nevertheless it may be pointed out that through the con- 
ditioning process there is some slight arousal of the physio- 
logical changes of joy when laughter is produced volitionally, 
even though such laughter is not caused by any sudden 
realization of safety. 

This leads us to consider why people enjoy laughing. 
Kaiser, in his article entitled, ‘The Psychology of the Thrill,’ * 
has pointed out that the human organism is so built that it 
craves the ‘thrill.’ In other words, it delights in a period 
of tension followed by relaxation. People are willing to go 
through uncertainty for the joy of being assured that they are 
safe. So, as a matter of fact, people do not seek laughter, 
but rather they desire the concomitant of laughter, namely, 
joy. 

12 Joy may be experienced at times other than at a sudden realization of safety, 


and therefore it may be experienced without laughter. 
13 Ped. Sem., 1924, 27, p. 243. 
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Another fact connected with laughter is that in some 
cases it is more easily excited than in others. It varies 
between individuals and it varies in the same individual from 
time to time. ‘Those who are obsessed by fears or who suffer 
from inferiority complexes do not laugh easily. The explana- 
tion is that if the organism is in an aggressive, conquering 
attitude it will exult with a feeling of safety over threatened 
obstructions and will communicate this to the rest of the 
group through the conditioned response of laughter. 

Let me point out that laughter always follows bodily 
tension and is accompanied by relaxation. Tension and 
relaxation have been incident to anticipating danger and then 
realizing suddenly that there is no danger after all. And 
laughing has been incident to relaxation and expelling the 
breath merely as a social signal. 

A person will laugh more heartily in a large group than 
inasmall one. There are more to whom one may communi- 
cate his realization that the danger is over. And his method 
of communication must be more pronounced in a large group, 
else he will be ignored. This is closely analogous to the 
almost automatic increase in volume of a person’s voice when 
speaking to a large group as compared with speaking before 
a small group. 

One step further: This theory explains why people who 
live an isolated life tend to use less and less laughter. Of 
what good is a means of communication when there is none 
with whom one may communicate? This is likewise closely 
analogous to speech. It is harder to talk with one who has 
been isolated than with one who has lived in a compact 
society. 

Some might ask, ‘Why do we ever laugh by ourselves’? 
We laugh by ourselves in much the same manner as we talk 
by ourselves. When we laugh alone it is rather muffled, 
indistinct, and weak, just as our speech under a similar 
condition is muffled, indistinct, and weak. But when we 
laugh in a group it is a clear, definite, strong signal. There 
are some—perhaps most—people who affirm after intro- 
spection that when laughing they recognize it as a means of 
social control. 
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Laughter is most pronounced in children, slightly intoxi- 
cated persons, and some idiots. In such individuals laughter 
is not subject to the normal amount of cerebral inhibition. 
Speech is also more spontaneous in such persons. So they 
give full expression in the form of laughter on the slightest 
intimation of social safety. 

Every one has seen individuals laugh with no further 
provocation than seeing anotherlaugh. This is easily explain- 
able by the present theory. When one individual laughed in 
primitive times it was desirable to have the signal repeated to 
more distant members of the group. This is done among all 
the animals I have observed, as far as their signals are 
concerned. 

Laughter may be excited by things other than the original 
cause. ‘Thus some vegetables and fruits, such as onions and 
bananas, are called humorous.“ The odor of onions and the 
slipping on a banana peel are so frequently connected with 
the ludicrous that they are apt to provoke a smile and on 
occasions a laugh, even though the immediate situation is not 
laughable. Funny strips in the papers, certain movie actors, 
and innumerable other things are so frequently connected 
with the ludicrous that they set up laughter responses solely 
through the conditioning process. 

Another fact of laughter is that it is characteristic of 
play. In fact, it is so characteristic of play that Sully © 
makes it an inherent part of play, although the connection 
is not clearly established. Certain forms of play do not 
cause laughter. When play causes laughter it involves some 
sort of triumph. It is usually the triumph of one individual 
over another. The nature of play is such that there is not 
much danger involved, but the triumph is much greater 
proportionately. Failure is not dangerous except for a certain 
amount of social humiliation. But success has the rather 
pale joy of playful triumph made more intense by the general 
sense of well-being that pervades the whole activity. So, 
because play is filled with little thrills and triumphs, and 


4 Eastman, M., op. cit., p. 150. 
% Sully, J., ‘An Essay on Laughter,’ 1902, p. 145. 
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because the whole affair is safe, it is easy to see why the signal 
of laughter should be given frequently and loudly. 

Let us now consider another fact of laughter. Sully 
observes, “‘It [laughter] does much, indeed, to tone down 
the uneasy and half-suspicious attitude which members of any 
group are apt to take up on first having to do with those of a 
strange group, especially one of higher rank.” #® One could 
go even further: humor and its consequent laughter, or 
inclination to laughter, is used by business men and others as 
a means of approach to suspicious individuals. In this case 
it is obvious that laughter is used as a signal of safety in 
order to encourage subsequent relaxation. 

Many writers have not differentiated carefully enough 
between laughing at a person and laughing with him. Few 
things infuriate an individual more than being laughed at. 
The reason is that the laugher plainly implies his own 
superiority over the one at whom he laughs. He implies the 
helplessness of the other. But when we encourage some one 
to laugh with us at some third party or at some circumstance 
it binds the two laughers together in a mutual realization 
of safety. 

It is commonplace to point out the function of laughter 
in preserving social customs. In this connection Bagehot is 
quoted as saying that formerly among all people and now 
among most people novelty is hated and despised, and change 
is looked upon as bad and wicked.!’ As an example, for a 
person to appear naked in public is not at all extraordinary 
among certain peoples. But in the United States it would 
cause a furor. The individual would be forcibly held until 
the police arrived. No one present would think of laughing. 
But suppose, instead of appearing naked, some college boys 
are seen wearing pajamas in public as part of a fraternity 
initiation. Social usages are being violated but we recognize 
that the violation is not vital—that society will still be safe. 
And we give the signal of our opinion by laughing. Others 
will probably take up the signal and the college boys will 
not be disturbed. 


6 Jbid., p. 271. 
17 Sidis, B., ‘The Psychology of Laughter,’ 1913, p. 30. 
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It has been noted that there are people who claim to enjoy 
the ludicrous but who seldom laugh aloud. Such a condition 
is entirely compatible with the present theory. But in the 
first place we must say that in this respect they are at least 
uncommunicative. In the second place it may be true that 
although there is a pale emotion of joy, it is probably not so 
fully joyous as the feeling of one who laughs. In the third 
place, such individuals realize they are atypical and in order 
to be socially acceptable they are loud in their assertion 
that they enjoy the comic. So, although laughter did not 
originally cause joy it is reasonable to believe that the more 
fully we give ourselves over to laughter the more fully other 
conditioned physiological changes will produce joy. 

Sometimes laughter is caused by the sudden telling of bad 
news or by a great calamity.!® The death of a dear friend or 
the burning of a house may cause laughter, and this phe- 
nomenon is unexplainable by the persons who laugh. In 
dealing with this we must first note that it is extremely 
unusual and has doubtless excited more attention than its 
frequency deserves. There seems to be no satisfactory ex- 
planation. It is possible, however, that the vigor of so great 
a stimulus might carry the individual hysterically through 
the entire range of reaction, ¢.g., the normal occurrence is that 
a shock is followed by some solution to the problem. 

Eastman states, ‘‘We experience thus a confused sense of 
pain combined with pleasure, or at least the dread of pain 
with humorous delight.” #® Sully observes, “A child may be 
seen oscillating between laughter and fear as some new 
strange sight bursts upon him. <A savage must feel himself 
secure before he can freely indulge in laughter at all the odd 
belongings and doings of the white man.” ® This oscillation 
is the flitting of consciousness from one state to another—a 
balancing between fear and ‘sudden glory.’ This alternate 
state of consciousness occurs in transitions between other 
mental states as from fear to anger. 

18 Hall, G. S., and Allin A., “The Psychology of Tickling, Laughing, and the 


Comic,’ Amer. J. Psychol., 1897, 9, p- 7- 
19 OD. cit., p. 16. 
20 Op. cit., p. 89. 








ORIGIN AND FUNCTION OF LAUGHTER 377 


Now we come to the consideration of the most important 
group of facts concerned with laughter: anything which 
disturbs the feeling of social safety or individual triumph has 
its corresponding effect on laughter. No one normally laughs 
unless he and his group are safe. Different groups have 
different causes of laughter. Social customs, taboos, con- 
ventions, habits of life, language—all these things have to do 
with a feeling of social safety and so determine to a great 
extent the nature of laughter. In certain situations things 
are ludicrous which would not be humorous elsewhere. In 
church, for example, conventions are observed that do not 
hold other places. Soldiers going into battle may laugh 
easily. In other words, anything that breaks the tenseness 
by the suggestion that the situation is safe brings laughter. 
The repetition of a joke will not ordinarily produce laughter 
because there is no sudden transition from fear to a realization 
of safety. But sometimes we do laugh at familiar jokes, 
either from imitating those who laugh in our hearing, or 
from the conditioning we received when first we heard the 
joke. We never laugh if the unknown fear still bulks large 
enough to perplex us. All of the conditions in this paragraph 
have to do with the suddenness of, and the amount of differ- 
ence in, the transition from tension to a realization of safety. 

I have now considered the outstanding facts of laughter 
as observed in the rather extensive writings on the subject, 
and have attempted to show how they fit in with the theory 
that laughter was originally a signal to other members of 
the group that a danger had been passed and relaxation 
could be indulged in with safety. 


III. THe THerory or ComMMUNICATION AS RELATED TO THE 
Kinps oF Lupicrovus SITUATIONS 


At the outset we had best acknowledge that there is no 
satisfactory classification of the kinds of ludicrous situations. 
A classification according to subject matter is out of the 
question because it would include all things in the universe 
animate and inanimate, together with all kinds of action and 
all combinations of circumstances. In short, everything can 
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be made the subject of humor. So no classification can be 
made according to subject matter. Moreover, no classifi- 
cation can be made according to technique of developing 
humor, for there is only one means by which it may be done, 
namely, to create a state of tension and then suddenly bring 
relaxation. Since the subject matter is universal and the 
technique is limited, a complete classification on either of 
these bases is impossible. But it is possible to pick here 
and there a topic that lends itself especially well to successful 
humor. And it is also possible to isolate a few of the tricks 
of provoking humor, or certain circumstances under which it 
is more successful. Some of these will now be considered. 

1. Many authors have held that primitive laughter was a 
savage laugh of triumph over a conquered enemy. This fits 
in so well with the theory of the present paper that explana- 
tion is superfluous. Sidis says, “The laugher of triumph runs 
through all the stages of life.” #4 So we hear it on the play- 
ground, at the card table, in practical joking, and so on ad 
infinitum. Physical contests are more likely to call forth 
hearty laughter than mental contests. 

2. The observation of easy triumph provokes laughter, 
especially if the individual previously considered superior 
has been easily defeated. This is not primarily a laughter of 
triumph. Presumably the victory of one or the other makes 
no difference to the observer. But he is surprised just as one 
is surprised when any other unlooked for thing happens. 
Besides this there are undoubtedly other factors involved. 
He feels a certain superiority over the defeated (this making 
it partly a laughter of triumph). He has sympathy with the 
victor, which encourages him to give the victory signal of 
social safety and make an ally of the victor. 

3. Tickling is one of the most interesting provocatives of 
laughter. The tickler takes the part of the enemy, or at 
least he stimulates those portions of the body which are 
most plentifully supplied with protective reflexes—the sole 
of the foot, the armpits, the solar plexus, the throat, etc. 
These portions are those which are most susceptible to 
irritation by contact. We have an instinctive aversion to 


2 Op. cit., p. 14. 
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unusual touches under the arms. We are careful to protect 
the solar plexus from a blow, and in the sole of the foot the 
plantar reflex may be touched off. Such portions of the body 
surface are the portions most easily tickled. Writers on the 
subject of tickling have been perplexed by attempting to 
consider the sole of the foot and palm as being different from 
the armpits and abdomen, saying that while large blood 
vessels come near the surface at the armpits and while the 
abdomen is obviously a vital portion of the body surface, 
yet the sole of the foot and the palm are not vital. On the 
other hand I believe these are indirectly vital on account of 
being the means of flight and combat, and because being 
extremities they are the most likely to be first touched by 
an enemy.” 

4. Telling a funny story is an obvious attempt at humor. 
It is an artificial cultivation of a situation resulting in an 
emotional thrill, and, again referring to Kaiser’s ‘The Psy- 
chology of the Thrill,’ * it is shown that we seek thrills and 
enjoy them, hence our enjoyment of the funny story. The 
funny story is an artistic thing even as is the novel, the 
movie, or the drama—it is an artificial excitement of the feel- 
ing of social safety after a thrill, and laughter is its by- 
product. 

5. There is a good deal of humor that does not provoke 
laughter. In other words, the feeling of well-being associated 
with individual or social safety is present without an effort 
to communicate it. This is explained by the fact that in a 
continuous state of well-being there is no need for pro- 
nounced, sudden proclamations of social safety. Then there 
are types of changes in circumstances which do not come on 
suddenly and which thus tend to promote a sense of well- 
being without suddenness. But when man is thoroughly 
enjoying life he is prone to laugh easily, though not in huge 
guffaws. This quiet, easy laughter on slight provocation 
serves a purpose comparable to the contented clucking of a 
hen and the chirping of her chicks, which keep them together 
and pass the information that all is well. This type of 


* Hall, G. S., and Allin A., op. cit., pp. 9-15. 
% Ped. Sem., 1924, 27, 243. 
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laughter doubtless developed from the explosive laughter 
following desperate situations. 

6. Incongruity is a frequent source of humor. This is 
caused by surprise followed by a realization of social safety, 
and the signal of laughter to our fellows as an accompaniment 
of this realization. Incongruity covers a considerable portion 
of our humor. It includes the humor of unusual costumes, 
bad manners, foreign customs, etc. In all these, laughter is a 
means of passing information around the group that there is 
no cause for alarm. 

7. We last come to a type of laughter that has never 
been isolated as such, namely, laughter that does not grow 
out of the situation but which is produced volitionally. For 
example, the bully may subject his associates by laughing 
at them, implying by his laughter that he is superior. A 
mischievous boy may infuriate his teacher by laughing at her, 
intimating that she cannot control him. In order to disarm 
his customer the salesman may use laughter as well as smiles 
even though there is little or nothing in the situation to call 
it forth. Laughter may be used to communicate contempt, 
to cover up shyness or embarrassment, or to conceal one’s 
thoughts. In all such cases laughter is still manifestly used 
for communication, but it is produced volitionally, instead of 
developing out of the situation in a spontaneous manner. 

We have now considered various kinds of laughter and 
tricks of producing laughter and have found that they all 
show that laughter could have developed easily and naturally 
from primitive laughter which informed the rest of the group 
after a period of tension that they could relax with safety. 


IV. Tue TuHeory oF COMMUNICATION AS RELATED TO 
OTHER THEORIES OF LAUGHTER 


The theory of communication does not displace very much 
that has been observed about laughter. If anything, it 
serves to unite different theories and throw more light on 
what has been said. 

1. Hobbes’ theory that laughter is a ‘sudden glory’ ™ is 


* Hobbes, T., ‘Human Nature,’ 1640, Chapter IX., Section 13. 
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certainly a part of the theory of communication, although it 
is only a small part. And this includes a long list of thinkers 
and writers who have taken a similar position, including Bain, 
Bergson, and Groos. 

2. Sully says, “ Perhaps the first great laugh was produced 
by man or his proximate progenitor, when relief came after 
fear or the strain of battle.” * Sully might have added, 
“‘_-as a signal to his comrades that they also might relax 
with safety.” Again Sully says, “Among the causes of 
laughter, a moment’s relaxation of strain—muscular, intel- 
lectual or emotional tension—is one of the most common, 
if it be not universal. The delicious sense of relief . . . may 
no doubt be due to ... the escape from pressure of the 
moment before.” 

3. Kant states, “Laughter is an affection arising from 
the sudden transformation of a strained expectation into 
nothing.” 27 It would not have been inconsistent for Kant 
to have added, “‘—and this affection is a vocal signal to the 
rest of the group that it is safe.” 

4. Des Cartes expresses his view in language that is 
difficult of translation, and in the quaint spelling of his time. 
“La Lascheté est directement opposée au Courage, & c’est 
une langueur ou froideur, qui empesche |’ame de se porter a 
execution des choses qu’elle feroit, si elle estoit exempte de 
cette Passion.” ** He goes on to say that laughter serves a 
useful purpose by keeping us from following our original 
impulses when more important and contradictory impulses 
enter situations. So Des Cartes believed that laughter is 
always an accompaniment of relaxation from tension. 

5. Herbert Spencer put forth the theory that laughter is 
an overflow of reserve energy.” His position has been 
reinforced by Crile with the application of our more recent 
knowledge of the physiology of emotion.*® But unlike the 

% Sully, op. cit., p. 176. 

% Ibid., p. 46. 

27 Kant, I., “The Critique of Pure Judgment,’ 1781 (trans. by J. H. Bernard), 


p. 223. 

28 Des Cartes, R., ‘Des Passions,’ 1649, Troisiesme Partie, Article CLXXIV. 

*® Spencer, H., ‘Physiology of Laughter,’ Macmillan’s Mag., 1860, 1, p. 395. 

* Crile, G. W., ‘The Origin and Nature of the Emotions,’ 1915, Chapter on ‘Pain, 
Laughter and Crying.’ 
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other theories this one does not harmonize with the theory 
of communication. Spencer has been vigorously attacked, 
and if it were not for the additional arguments of Crile 
little would need to be said in refutation. There are two 
objections which may be set forth here. (1) In ordinary 
laughing the amount of energy released is ridiculously small 
for so complicated and highly developed a process. If it 
were necessary to release energy it could be done much more 
satisfactorily in numerous other ways, as in the increased 
tonus of paired muscles all over the body. As a matter of 
fact in laughing just the opposite takes place. There is a 
lowered catabolism over the muscular system as proved by 
relaxation. (2) But perhaps it is necessary to take into 
consideration those violent and hysterical attacks of laughter 
that do burn up energy and result in exhaustion. This is 
countered by a question, If the burning up of energy is the 
fundamental purpose of laughter why has man developed the 
audible aspect of laughter to such an extent? No other animal 
goes about drawing attention to itself unless there is some 
definite advantage. In fact, to be observed in primeval life 
was adangerous thing. Just as much energy can be expended 
when the vocal folds are not brought into play as when loud 
laughter is produced. So the fact that laughter is charac- 
teristically a thing of sound tends to show that it is primarily 
a signal rather than a means of burning up energy. (At the 
same time it is not to be disputed that the presence of exciting 
agents in the blood stream will make laughter more pro- 
nounced just as such agents stimulate any action to be more 
pronounced.) For these reasons it seems that the theory of 
Spencer and Crile cannot hold for laughter. 

6. Sidis says, ““We may lay it down as a law that relief 
from a great strain is an important aid to laughter.” *! And 
again, “To laugh at the misfortunes of other people... 
whom we treat with contempt and possible hatred, may be 
considered one of the early roots of the comic and ludicrous.” * 
Both of these significant statements fit in with the present 
theory. 


1 OD. cit., p. 77. 
% Tbid., p. 282. 
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7. Eastman does not state a theory in the text of his 
book as clearly as he does among the Notes and References in 
which he says, “My reasons for regarding an act of social 
welcome as the ‘original laugh’ are, first, that it has a very 
great biological importance, and, second, that it explains the 
laughter which is an ‘expression of pleasure’ in a way similar 
to that in which other expressions have been explained.” * 
The theory of communication goes back behind the ‘act of 
social welcome’ and explains the laugh on the basis of a by- 
product of suspended breath or heavy breathing incident to 
tension and relaxation. Eastman does not pretend to explain 
the origin of laughter, saying that it “is not vital to my 
explanation of humor.” * 

8. Dr. Paul Carus, thirty years ago in the Monist, states 
that laughter originally was “‘a shout of triumph, the loud 
announcement of victory, and an expression of joy at a 
success of some kind.” * But he did not set forth the most 
important thing, namely, why such a signal has survival 
value for the group. And he says of Kant’s theory (laughter 
is “‘an affection arising from the sudden transformation of a 
strained expectation into nothing”) that it is “interesting 
but unsatisfactory”; ** whereas Kant’s theory fits perfectly 
with the theory of vocal signalling. Dr. Carus also limited 
modern laughing to an expression of triumph, rather than 
that of communicating the idea of social safety. 

g. In one short paragraph, most of which is quoted below, 
Patrick has tucked away in his ‘Psychology of Relaxation’ 
an explanation nearest to the one set forth in this paper, 
“Thus laughter is a kind of language—perhaps the earliest of 
all forms of language. . . . In social evolution, furthermore, 
it may also become a language in the social sense, particularly 
in its vocal form, and by communicating the mood of gladness 
become of survival value in the social group.” *’ But I have 
pointed out that its value was not the mere ‘communicating 
of the mood of gladness.’ What was communicated, accord- 


% Eastman, op. cit., p. 241. 


% Ibid. 
* Carus, P., ‘On the Philosophy of Laughter,’ Monist, 1898, 8, p. 261. 
% Tbid., p. 255. 


7 Patrick, G. T. W., “The Psychology of Relaxation,’ 1916, p. 126. 
25 
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ing to my theory, was something vastly more important, 
namely that the supposed danger was passed—that the group 
was safe. ‘Gladness,’ as an emotion, is merely incident to 
social safety. 

In conclusion, the theory of communication set forth in 
this paper regards laughter as a vocal signal to other members 
of the group that they may relax with safety. It holds that 
laughter originated long before language developed as a by- 
product from the heavy breathing of struggle or the suspended 
breathing of tension. To improve its carrying power the lips 
were pulled back. The visible signal of smiling thus came 
to be used as a substitute. As social intercourse developed 
during the ages it was natural that smiling and laughter 
should come to have variations adapted to finer purposes. 
I have pointed out briefly that the theory of communication 
explains the facts of laughter as observed by students of the 
phenomenon; that it includes laughter of all kinds and under 
all conditions; and that instead of displacing what has been 
said on the subject, it rather serves to harmonize and to 
explain the divergent theories. 


[MS. received February 18, 1928] 


EYE MOVEMENT DURATION, PAUSE DURATION, 
AND READING TIME 


BY MILES A. TINKER 


University of Minnesota 


The time taken for fixational pauses plus that for eye 
movements yields the total reading time of any selection. 
Erdmann and Dodge (1) first called attention to the fact 
that a very large proportion of the total reading time is 
devoted to fixational pauses. They also found that if a 
printed line passed by a window at the speed of 1 cm. in 
.OI sec., which is about the speed of saccadic eye movements 
employed in reading, one did not perceive the material well 
enough to read it. This led them to the conclusion that 
perception in reading occurs only during the fixational pauses; 
we do not pay attention to the visual sensations produced 
during the accompanying eye movements. In later studies 
with an improved technique, Dodge (2, 3) showed that there 
is no clear vision during saccadic! eye movements. He also 
pointed out that the unclear visual sensations received during 
eye movements in reading are not attended to and therefore 
are not perceived. Inasmuch as time of perception is fix- 
ational pause time the latter has received most of the attention 
in many investigations of reading. The purpose of this 
study ? is twofold: (1) to furnish new data on the extent 
and duration of eye movements in reading; (2) to show the 
variation in the ratio between eye movement duration and 
total reading time in various kinds of material. Some of 
the reasons for this variation will be stressed. 

The first determination of velocity of saccadic eye move- 
ments was made by Volkmann (11) in 1846. His results, as 

1 The rapid, sweeping movements of the eye occurring in moving from one fixation 
to another in the visual field are called saccadic because of their nature. They are 
best illustrated in reading. Comparatively long fixations alternate with the moves. 

* The data for this study were collected at Stanford University in the spring of 
1927. 
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corrected by Erdmann and Dodge (1) showed that movement 
through a visual angle of 10° took 16.66¢. Lamansky (7), 
under the direction of Helmholtz, devised an after-image 
method of determining the speed for eye movements and 
found the following velocities: 


100 for 6° 160 for 16° 220 for 32° 


With an improved Lamansky method Erdmann and Dodge’s 
investigation showed the velocity of saccadic movements 
to be: 
Iso for 5° 300 for 15° 
16—20¢ for 10° 500 for 30° 
Later, with a photographic technique which is much more 


accurate than the after-image method, the determinations of 
Dodge and Cline (4) gave the following results: 


28.80 for 5° 54.80 for 20° 
38.80 for 10° 80.40 for 30° 
48.20 for 15° 99.9¢ for 40° 


“From the velocities of longer horizontal movements, accord- 
ing to Dodge and Cline, and with the assumption that 
the time approaches zero as the magnitude of movement 
approaches zero, interpolation by Lagrange’s Theorem yields 
the following estimates for movements of less than 5 de- 


grees (9):” 
9.90 for 1° 22.20 for 3° 


17.30 for 2° 26.00 for 4° 


It will be shown later that these approximate speeds for 
saccadic eye movements through small visual angles seem to 
give a valid measure of velocity when applied to eye move- 
ments in reading. In all the above determinations the 
velocities were determined from eye movements in which 
the eye looked back and forth between two fixation points 
in response to peripheral stimuli. Dodge and Cline point out 
that such movements are not materially different, quali- 
tatively or quantitatively from the eye movements used in 
reading. 
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Summary or Reapinc Movements AS DETERMINED BY Previous INVESTIGATORS 

















Line Moves to Right Moves to Left 
Investigator 

Length | Visual Visual Time Visual Time 
in mm. Angle Angle ing Angle in ¢ 

SN SPORE sss Aecbsowge deetes obs 4° 33’ ee See eas 
| Bae 98 15° 14’ | 3° 36’ 43-9 s3° 23° 57.9 
Dodge & Cline..... 87 16° 2°~7° 22.9 12°-14° 40.7 
Shen: Vert......... 155.5 20° 's 15’ 10-15 ? -20° 54.0 
Shen: Horiz........] 155.5 20° ys 10-15 ? -20° 54.0 




















Table I gives a summary of reading movements as 
determined by previous investigators. An examination of 
these results shows that the figures given by Huey (5) are 
the only ones which differ materially from those obtained in 
other studies when the extent of the eye movements are 
considered. Huey’s results seem, therefore, unreliable. The 
extra work of moving the recording pointer which was 
attached to the eyeball gave abnormal durations for move- 
ments through small angles and seems to have increased 
materially the duration of the return sweeps (moves to the 
left from the end of one line to the beginning of the next). 
For moves to the right the results of Erdmann and Dodge 
(x) and Dodge and Cline (4) are in close agreement with 
durations of 20.00 and 22.9¢ respectively. For shorter move- 
ments Shen (9g) found durations of 10¢ to 1$¢ in both vertical 
and horizontal reading (of Chinese). Moves to the left of 
12° to 14° took 40.7¢ in Dodge and Cline’s investigation and 
for movements of nearly 20° Shen found an average duration 
of 54.0¢. All these studies show that moves to the left are 
much longer in duration (two to three times) than movements 
to the right. 

Table II gives the relation of eye movement duration to 
reading time for various kinds of material. Computations 
were made from the data of Erdmann and Dodge. They 
used one eye movement for each pause and assigned the same 
duration (200) to each movement. In reading each line of a 
selection the number of moves to the right is one less than 
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the number of pauses. In addition there is the long move- 
ment to the left * which is the return sweep. This is true 
for all lines except the first where no return sweep occurs. 


TaBLeE II 


Retation or Eve Movement Duration To Reapinc Time as CoMPUTED FROM 
ERpMANN AND Dopce’s Data 











Av. Av. | Total | Total Part of R Revised: 
No. jAngular| Dura- | Dura- Time Take: Part of R. 
Kind of Material | Pauses} Dis- | tion of | tion of b Mov €n | Time Taken 
Per | place- | Pauses | Moves |. “ef by Move- 
Line | ment | in Sec. | in Sec. _ ments 
PO iis vdcivet 4-45 | 4° 56’| 1.70 | .og0 1/20.0 1/16. 
= (5%) (6.1%) 
Unfamiliar......... 5.27 14° 11'] 1.93 | .105 1/18. 1/16. 
‘ (5.4%) (6.1%) 
Proof Reading. .... 15.00 | 1° 50’| 3.77 | .300 1/13.8 1/12.4 
Native La WES . cf 2%) Yy 1%) 
ative Language...| 4.74 | 4° 35’| 1.5 .095 1/17. 1/14. 
(6%) | 67%) 
Foreign Language. .| 5.04 | 4° 31’| 2.18 | .101 1/22.6 1/18.8 
(4.4%) (5.3%) 
Ag ee 5-78 | 4° 13'| 2.01 116 1/18. 1/15.7 
(5-5%) (6.47%) 























* The Average is from the original data given by Erdmann and Dodge; not from 
the other items in this table. 


As shown above the long movements to the left are two to 
three times longer in duration than those to the right. This 
should always be considered in computing the ratio of move- 
ment duration to total reading time, or the ratio of movement 
duration to pause duration (perception time). In the next 
to the last column of Table II is given the ratio of eye move- 
ment duration to total reading time, 1.¢., proportion of the 
total reading time taken by the eye movements. Each 
movement duration is assigned the same value of 20¢ as in 
Erdmann and Dodge’s original data. In the last column of 
the table the results given in the previous column are revised 
by using the return sweep or movement to the left as one of 
the movements in each line. As Dodge and Cline found that 
moves to the left averaged 40.7¢ in duration we have employed 


* Regressions made during the reading of a line are, of course, moves to the left 
but they approximate in extent and duration the moves to the right rather than the 
return sweep. 
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this value as an approximation of the return sweep duration 
for Erdmann and Dodge’s subjects. We shall confine our 
discussion largely to the revised results as they undoubtedly 
represent a closer approximation to the truth. Values for 
the proportion of reading time taken by eye movements 
ranged from about 1/12 to about 1/26,5 when all movements 
are given the same duration (20¢), and from about 1/11 to 
about 1/22 ° in the revised figures. Inspection of the revised 
results indicates that this proportion is approximately the 
same in the reading of familiar and unfamiliar material, 
namely 6.1 per cent. If we compare proof-reading, reading 
one’s native language, and reading a foreign language we find 
that the proportions are respectively 8.1, 6.7, and 5.3 per cent. 
Judd and Buswell (6) have shown that performance varies 
widely with changes in attitude which arise in reading different 
types of material. An analysis of reading proof, a native 
language, and a foreign language will demonstrate that the 
mental processes involved in proof-reading seem to be the least 
complex and those involved in foreign language most complex 
of the three. This suggests that as the mental processes 
during reading become more complex the ratio between eye 
movement duration and total reading time becomes less. 


TaB_eE III 


Tue Proportion or Reapinc Time Taken By Eye Movements. A SumMMaARY 
oF Previous INVESTIGATIONS 


All Move- Return Sweep 
Investigator ments Equal Included 
Erdmann and Dodge............ 1/18.3 (5.5%) 1/15.7 (6.4%) 
Shen: Horizontal............... 1/30 to 1/20 1/24.7 to 1/17.8 
(3.3 to 5%) (4 to 5.6%) 
Shem Festieel oc sesccccecscseece 1/29 to 1/20 1/24.5 to 1/18.3 
(3.4 to 5%) (4-1 to 5.5%) 


Table III summarizes the results of Erdmann and Dodge 
and of Shen concerning the proportion of reading time taken 
by eye movements. Averages from the original data in 
which all movements were considered of equal duration, and 
revised results in which the return sweep is included, are 
given. For the revised results Erdmann and Dodge’s find- 


4 Professor Dodge was one of the subjects in both experiments. 
* Not shown in table. 
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ings show a proportion of 1/15.7 or 6.4 per cent. Shen’s 
determinations give about the same proportions for horizontal 
and for vertical reading; about 1/24.5 to about 1/18 or 
about 4 to 5.5 per cent in each. 


APPARATUS AND METHOD 


A photographic technique was employed to record eye 
movements made during the reading of various kinds of 
material. This consisted of a modified form of the Dodge 
apparatus for photographing eye movements. This appa- 
ratus has been fully described by Tinker (10) and by Miles 
and Shen (8). A pencil of light from a point source, a 
carbon arc, was reflected into the subject’s right eye by 
means of a system of first surface mirrors. This beam of 
light was interrupted at regular intervals of 1/50 sec. by a 
perforated revolving disk run by a synchronous motor which 
was controlled by a tuning fork. The beam of light was 
reflected from the surface of the cornea through a lens into 
a long enlarging camera. At the back of the camera it came 
to a focus on a kinetoscopic film which moved continuously 
and at a uniform rate. The direction of the beam of light 
reflected from the cornea changed with each movement of the 
reader’s eye. As the subject read a selection each fixation 
was recorded on the film as a sharply focused line. These 
lines appeared as a series of dots rather than solid lines 
owing to the beam of light being interrupted at regular 
intervals. Each dot represented 1/sosec. Inspection of the 
films gave (1) the number of fixations employed in the reading 
and (2) the duration of each fixation. Interfixational eye 
movements were represented by the perpendicular distances 
between the records of successive fixational pauses. 

Four kinds of material were read. The first consisted of 
a paragraph of easy scientific prose 13 lines long. In the 
second kind of material were four paragraphs of elementary 
chemistry. Each paragraph was about 12 lines in length and 
contained formule. The paragraphs were read separately. 
The third type of material contained two paragraphs of 
algebra which were also read separately. One paragraph 


és 


oxime 
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was the statement and solution of an easy problem and the 
other was descriptive material. Both contained some for- 
mulz and were 8 and g lines in length respectively. The last 
kind of material read consisted of four lines of algebraic 
formule of four degrees of complexity. These were divided 
into two reading selections of two lines each. 

After preliminary practice-trials intended to accustom the 
subjects to read before the camera and to make clear the task, 
the high school students read the chemistry and the university 
students read scientific prose, algebra, and lines of formule. 
Comprehension questions were given after each reading. 

Two groups of subjects were used, one composed of 10 
students from the junior and senior classes of a high school, 
and the other made up of 16 university students. All but 
one subject had emmetropic vision. This high school student 
was near-sighted and tested only 20-30 on the Snellen chart 
for visual acuity. However, she had been advised by an 
oculist not to use glasses in reading. 

The perpendicular distance between each successive fix- 
ational pause made in reading the different materials was 
measured on the photographic records by a scale graduated 
in 1/100 inch and used under a magnifying glass. The visual 
angle-which corresponded to 1/100 inch on the photographic 
records was then computed for each individual. It was 
obtained from the visual angle covered by the eye in sweeping 
from one end of the line of copy to the other. This value 
was employed to change the linear distances of the eye 
movements to visual angles. 


Discussion OF RESULTS 


The extent and duration of reading movements in the 
various kinds of material are given in Table IV. The length 
of movements to the right varied with the material read. 
For prose these movements covered about 2° of visual angle. 
This value is smaller than those obtained by Huey (5) and 
Dodge and Cline (4) which were 3° 36’ and 2° to 7° respec- 
tively. However, our average is larger than those of Shen 
(9) which were about 1° in both horizontal and vertical 
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reading of Chinese. The small values of Shen are without 
doubt functions of the type of material read.® 

Investigations have shown that in reading lines about 
go mm. long, the average resder makes 6 to 7 fixational 
pauses. This means that each of their eye movements to 
the right cover from 2° to 3°. Only exceptionally fast 
readers will have moves which, on the average, cover 4° or 
more of visual angle. 


TaBLe IV 


Extent AND DuraTION oF Reapinc Movements IN DiFrFrERENT 
Kinps or MATERIAL 














Line Moves to Right Moves to Left 
Material Read 

Length | Visual | Visual | Approx. | Visual | Approx. 

inmm. | Angle Angle ime Angle ime 

| RE TE Pes ae 93 16° s° 3’ 170 13° 24’ 480 

PN hiss spon’ 93 16° aa" 170 14°. 22" 480 

Chemistry......... 93 16° bl 29’ 170 14° 12’ 480 

Formulz.......... 93 16° ge 10e 15° 48’ 48 























Our table indicates that moves to the right in reading 
chemistry were approximately 1.5° and in algebra, 1.75°. 
These shorter movements were undoubtedly functions of the 
reading attitude. Both the chemistry and the algebra in- 
volved formule. The reading of these selections was more 
analytical than that of prose as shown in the great increase 
in the number of fixations and regressions per line. The 
number of fixations in chemistry and algebra was about 50 
per cent greater than in reading prose; the number of 
regressions was from 100 to 300 per cent greater. In reading 
lines of formule the length of eye movements to the right 
was approximately 1°. This is congruent with a very 
analytical type of reading as shown by the comparatively 
large number of fixations and regressions per line. 

* Chinese contains a comparatively large number of words per line and each 
word is in the form of a small square. This allows a compact arrangement of the 
words in continuous discourse. Miles and Shen (8) found that while there were more 


and shorter pauses per line in reading Chinese than in reading English, more words 
were read per pause in the Chinese. 
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The moves to the left show an average of about 13° for 
prose, 14° for chemistry and algebra, and 16° for lines of 
formule (column 6, Table IV). The lengths of these return 
sweeps in reading prose, algebra and chemistry agree closely 
with the results of Huey (§) and Dodge and Cline (4) whose 
subjects read lines of similar length. Their findings showed 
movements of 12° 12’ and 12° to 14° respectively. 

The maximum and minimum reading movements to the 
right in the various materials are as follows:"’ For prose, 
7° 6’ and 15’; for chemistry, 7° 36’ and 14’; for algebra, 
8° 28’ and 17’; for formule, 8° 23’ and 13’. These figures 
indicate quite clearly that the maximum movements in 
reading the various materials were approximately the same. 
This was also true of minimum movements. As shown by 
the averages cited above the great majority of eye movements 
in reading these selections was less than 3° in extent. 

The durations of movements to the right are given in the 
fifth column of the table. For prose, algebra and chemistry 
the averages were the same (approximately 170) but for 
formule the average was 100. The value for formule is 
about the same as that found by Shen in reading Chinese 
(see Table I). For prose the duration of moves was a little 
less than that of Erdmann and Dodge (200) or Dodge and 
Cline (22.97). The length of their moves was greater than 
ours. Our movements to the left took about 48¢ in each 
kind of reading. The approximate durations given in Table 
IV were taken from the values given above for saccadic eye 
movements of different lengths. As already noted such 
movements are not materially different qualitatively or 
quantitatively from reading movements. The approxima- 
tions in Table IV are probably close to the true values. 
Actual measurement of the records of 50 return sweeps 
selected at random gave an average duration of 45.40 which 
is very close to the approximate value of 48¢. 

Table V compares eye movement duration with total 
reading time. Reading time is total movement duration 
plus total pause duration. The second column of the table 


7 Not shown in the table. 
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shows that prose had the fewest number of pauses per line, 
chemistry and algebra had about the same which was approxi- 
mately 50 per cent greater than for prose: formule had the 
most which was over 300 per cent greater than for the prose. 
As indicated in the next column the average duration of the 
pauses show the same trend as pause frequency. The last 
column of the table gives the proportion of reading time 
taken by eye movement duration. For prose 1/13.2, or 7.6 
per cent of the time was consumed by eye movements. 
Erdmann and Dodge’s average (revised data) gave a ratio 
of 1/15.7 or 6.4 per cent. In reading algebra and chemistry 
the proportions are both approximately 1/15 which allots 6.5 
per cent of the reading time to eye movements. Com- 
paratively much less of the time was taken by moves in 
formule. The proportion was 1/36.1 which gives the move- 
ments only 2.8 per cent of the total time. These proportions 
emphasize the great difference between perception duration 
(pauses) and eye movement duration in reading. In all 
kinds of material the perception time consumed more than 
go per cent of the total reading time. For the various 
materials, the average proportion of the time taken by move- 


ments was 5.9 per cent. 














TaBLe V 
Eye Movement Duration Versus Reapinc Time. TIMEs IN o 

Av. No. Av. |Av. Read-| Move- Part of R. 
Material and No. Pauses | Dura- |ing Time} ment Time Taken 

of Subjects Per tion of Per Time by Move- 

Line Pauses | Line* | Per Line ment 

OS Ree pene 8.1 254 2,226 169 1/13.2 (7.6%) 
8 ee ae 12.5 272 35744 244 1/15.3 (6.5%) 
ee er 13.8 276 4,072 264 1/15.0 (6.6%) 
UN MERE oss ces cece’ 25.5 404 10,595 293 1/36.1 (2.8%) 




















* Reading time is the total time of pauses plus the total time of movements. 


An analysis of the various reading selections used in this 
study indicates that prose was the easiest, most subjective 
type of reading. This resulted in a relatively large field of 
attention. Algebra and chemistry required a more analytical 
procedure and more of the study attitude. Reading formule, 
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however, demanded the most careful reading of all. It has 
been demonstrated elsewhere (10) by eye movement records 
that this analysis of the reading attitudes present in these 
reading situations is approximately true. The proportions of 
the total reading time taken by eye movements, as given in 
Table V, indicates that there is an inverse relationship 
between complexity of the reading attitude and these pro- 
portions. The more careful and analytical the reading was, 
the smaller the ratio between eye movement duration and 
reading time. This suggests that as the mental processes 
present during reading become more complex the ratio 
between eye movement duration and total reading time 
becomes less. The same tendency was noted above in the 
analysis of Erdmann and Dodge’s data. The explanation of 
this comparatively constant relationship is found in the 
change of reading performance that arises from variation in 
the reading attitude. Judd and Buswell (6) and Tinker 
(10) have pointed out the changes in reading performance 
which accompany these variations of the reading attitude. 
The former show that the character of eye movements 
appears to be closely related to the nature of the mental 
processes involved in the reading. ‘Tinker noted this but 
pointed out that compactness of printing and uniqueness of 
the symbols used also influence markedly the character of 
eye movements. Where the mental processes in reading 
were more complex and the reading more analytical, 1.¢., in 
algebra, chemistry and formule, there were many more 
fixations per line and longer pauses. In this situation the 
pause duration increased comparatively more rapidly than 
the eye movement time. This gave proportionally less time 
to eye movement duration. 


SUMMARY AND CONCLUSIONS 


1. Previous results were analyzed and new data given to 
show the relationship between eye movement duration, pause 
duration and reading time. 

2. A photographic technique was employed to record eye 
movements made during the reading of various kinds of 
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material. The extent and duration of the eye movements 
were calculated and compared with the reading time. 

3. Previous investigations showed that reading move- 
ments to the right extend over a visual angle of 1° to 7°. 
Variation occurred with individuals and with type of material 
read. Moves to the left covered 12° to 20°. Line length 
influenced the extent of these return sweeps. 

4. Our study yielded reading movements to the right 
which varied from 1° (formule) to 2° (prose); movements to 
the left from 13° (prose) to 16° (formule). 

5. For all materials, less than 10 per cent of the reading 
time was taken by eye movements. The total average 
showed that only 5.9 per cent of the reading time was con- 
sumed by eye movements. This allowed about 94 per cent 
for perception, 1.¢., pauses. In previous investigations the 
average proportions of time taken by eye movements were 
found to be 6.4 per cent (1) and 4 to 5.5 per cent (9). 

6. The ratio between eye movement duration and reading 
time bore a constant relationship to the reading attitude. 
It was found that the more careful and analytical the reading 
the smaller this ratio. When the mental processes involved 
in the reading were more complex the reading pauses con- 
sumed a relatively greater per cent of the total time. The 
same tendencies were found from an analysis of Erdmann 
and Dodge’s data. 


[MS. received February 10, 1928] 
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THE MENTAL AGE CONCEPT AND THE STAND- 
ARDIZATION OF GROUP TESTS 


BY GODFREY H. THOMSON 
Department of Education, University of Edinburgh 


1. OrIGIN AND PuRPOSE OF THE PAPER 


In a paper entitled ‘The Mental Age Concept,’ published 
in the PsycHo.tocicaL REviEw for 1926 (33, 268-278), L. L. 
Thurstone pointed out that the mental age concept leads to 
ambiguities and inconsistencies in standardizing group tests. 
There were two parts to his paper. In the first part he was 
concerned with two possible definitions of mental age: (1) The 
chronological age for which a given test performance is the 
average; (2) The average chronological age of people who 
make that test performance. This led him to a consideration 
of the two regression lines age on score, and score on age. 

In the second part of his paper he developed his main 
argument, which was connected with the fact of the limit to 
the growth of mental age and the consequent artificial nature 
of its application to adults. 

The present paper does not deal with this second and main 
portion of Thurstone’s article. Nor is it concerned with a 
defense of the concept of mental age in general. It is solely 
occupied with the first point raised by Thurstone, ‘which 
regression line are we to use in- standardizing a test?’ The 
conclusion at which we shall arrive is that there are not two 
regression lines in the ordinary sense, because age is not 
distributed in the way in which a variate like height is 
distributed, and that Thurstone’s logical worries on this 
particular point are groundless. 


2. THe Two Recression LINEs 
Thurstone’s argument runs in outline as follows. In a 
correlation table of test performance and chronological age 
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we have two regression lines. The one, age on test, AB, 
joins the average ages of people who get this, that, or the 
other score. The other, test on age, CD, joins the average 
scores of people who are this, that, or the other age. Given 
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a set of people all of the same age E, their average score is 
the point F on CD: and given one person of that age, his 
‘expected’ score is F. This is how group tests are usually 
standardized, and a score of F is said to indicate a mental 
age of E. 

But the regression line CD is properly speaking (so runs 
the argument) the line by which to predict score from age. 
The practical problem however is to predict age (i.e. mental 
age) from score. Really therefore the other regression line 
should have been used, 4B. It shows that the people who 
score F average G in age, and that therefore a score of F 
predicts a mental or normal age not of E but of G. 

As Thurstone says, this is a very awkward dilemma. Nor 
would it be done away with were we to abandon the concept 
of mental age, for it would arise in another form unless we 
gave up all hope of comparing children of different ages on 
different tests. 

The difficulty had vaguely occurred to me when I was 
standardizing the Northumberland Mental Test No. 1, and 


without thinking the matter out to its foundations I neverthe- 
26 
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less avoided or lessened the difficulty ' by basing my stand- 
ardization on data from children neither advanced nor re- 
tarded in school and therefore more closely grouped round 
100 1.Q. (Brit. J. Psychol., 1921, 12, 212). On reading 
Thurstone’s paper and thinking over the matter afresh three 
points occurred to me; and as the same points may occur to 
others I will deal with them although one of them is really 
irrelevant. These points were: 

(a) Is there any connection with Otis’s article on the line 
of relation (J. Educ. Psychol., Dec. 1921, 529)? 

(b) Are we correct in speaking of ‘predicting’ a mental 
age? 

(c) Does the peculiar distribution of age not come into 
the problem? 


3. Orts’s Line oF RELATION 


In his beautifully clear article cited just above (‘The 
Method of Finding the Correspondence between Scores in 
Two Tests’) Otis is also concerned with two regression lines, 
in a correlation table between scores in Form 4 and Form B 
of a test. He there shows quite conclusively that neither 
regression line correctly gives the true relationship but that 
a line between them does so. From the opening sentence of 
his paper it would seem that this had been challenged by 
certain statisticians. But twenty years before Karl Pearson 
had found it necessary to make the same statement, in a 
paper entitled ‘On Lines and Planes of Closest Fit to Systems 
of Points in Space’ (Phil. Mag., 1901 (6), II., 559-572). 
He there says, “‘In many cases of physics and biology, how- 
ever, the ‘independent’ variable is subject to just as much 
deviation or error as the dependent variable. We do not, 
for example, know x accurately and then proceed to find y, 
but both x and y are found by experiment or observation. 
We observe x and y and seek for a unique functional relation 
between them. Men of given stature may have a variety of 
leg lengths; but a point at a given time will have one position 

1 Unnecessarily, as I now see, could I have been sure I was testing al! the children 


of the ages in question. But I was not, and it was mainly for that reason that I 
adopted the plan mentioned. 
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only, although our observations of both time and position may 
be in error.” Pearson finds the best fitting line to the true 
relationship to be the major axis of the correlation ellipsoid, 
which agrees with the two dimensional result of Otis, found 
independently. New in the latter’s paper is however, as far 
as I know, the introduction of the two reliabilities into the 
equation. 

In the problem considered by Otis, and previously by 
Pearson, the splash or correlation is entirely due to error, 
and if that could be avoided the correlation table would 
narrow to a knife edge diagonal and the regression lines 
would close up into one line. 

But in our correlation table of score and age there is a real 
variety of scores associated with a given age, just as men of 
given stature may have a variety of leg lengths. Otis’s paper 
does not therefore solve our problem and this section would 
be irrelevant had it not a certain bearing on the next section. 


4. ‘Prepictinc’ Mentat AGE 


There are certain pitfalls possible in using the term 
‘prediction’ about mental age. What is given is a score. 
From this we do not predict a mental age in the sense of 
saying that the M.A. will be so and so at some future time. 
What is meant is merely that we deduce the present mental 
age from the score. 

Now although chronological age and score are imperfectly 
correlated, mental age must be perfectly correlated with 
score if the test measures the right thing. A given score 
means a unique mental age. Children of the same true 
score are not scattered about a most probable mental age. 
They all have the same mental age. The observed score, 
it is true, may be in error; but between the true scores and 
the mental ages there is a unique relationship, mental age 
being in fact something mathematically defined. 

This is not the case between chronological age and score. 
There is here no unique relation even when all error has been 
removed. The two regression lines are really the lines which 
enable us to deduce a most probable score from a given 
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chronological age, or a most probable chronological age from 
a given score. If James Smith is presented to me, and I am 
told that his score is F without any error, then I reply that 
his most probable chronological age is G, and this estimate has 
a calculable probable error.2 Boys who obtain this true 
score F may and will have different ages, averaging G. But 
they cannot have different mental ages, the score being ex 
hypothesi free from error. The dubiety which may reside in 
any estimate which I make of James Smith’s mental age 
is not of the same kind as my sampling error in estimating his 
chronological age, but is one of implying some meaning in 
the term ‘mental age.’ For I must have some way of deciding 
how I will manipulate the score to turn it into what I call a 
mental age, and that way is probably based on one or other 
of Thurstone’s alternative definitions of mental age, to which 
we are thus brought back. 


5. Tue Reason ror Two REcression LINES 


An ordinary correlation table is between two variables 
x and y each of which has a central tendency, a value which is 
most frequent and from which the frequency falls off in both 





c 














Fig. 2. 


directions. If each variate is actually distributed according 
to the Gaussian curve the contours of the correlation surface 


* This, as the reader will later note, is using a regression line which in paragraphs 
to follow I show to be arbitrarily dependent on the limits of the frame. But the point 
there made is not that 4B is the wrong line, but that it is in the wrong place as usually 
calculated. 
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will be ellipses. The variates may depart somewhat from 
Gaussian distribution without losing their general character 
of distribution in bell-curves. See Fig.2. Such a correlation 
surface is a hillock whose highest point is at O and as we go 
from O in any direction we are going downhill. If we walk 
in a northeasterly direction we are going along a watershed, 
but are also losing altitude. A section of the hill at right 
angles to the watershed along AB is a bell curve with summit 
at S. 

If I now turn the line 4B around S as center to obtain a 
new section CD running parallel with the axis of y it will be 
clear to the reader that SA in moving to SC goes somewhat 
downhill, while SB in moving to SD goes distinctly uphill 
(B crosses the contour line). It is plausible therefore that 
the summit will move towards D, and exact mathematical 
treatment easily shows that this is so. If however 4B had 
been turned in the other direction to give a section parallel 
to the axis of x, the summit would by similar reasoning have 
moved somewhat to the other side of the watershed. Hence 
comes the separation of the two regression lines, the one 
being the locus of the summits of sections parallel to the axis 
of x, the other the locus of the summits of sections parallel to 
the axis of y. (If the variates are distributed normally 
these summits or modes coincide with the means. If not 
there are complications which we may here ignore.) 

The point I wish to make is that the separation into 
two regression lines comes about because the surface of 
correlation has a point summit from which every direction is 
downhill. This leads to the sinking of SA and the rising 
of SB when a section is rotated as imagined above. 


6. A Pecurtiar CorRELATION SURFACE WITH COINCIDENT 
REGRESSION Lines YET IMPERFECT CORRELATION 


Consider now a correlation between two variables which 
have no central tendency, and which extend either to infinity 
or at any rate beyond the range of the experiment. 

To illustrate, note that chronological age is such a variable. 
Children do not tend to be (say) eight years of age, with 
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lesser frequencies at seven or nine and still less at ages more 
remote from eight. Except for death, and fluctuations in 
the birthrate, which we may for simplicity here ignore, there 
are as many children at one age as another. 

Two such variables might perfectly well make a correlation 
table of the kind shown in Fig. 3 with contours parallel to the 























Fig. 3. 


watershed which latter is of even height all along and is no 
higher at O than elsewhere along the line from NE. to SW. (if 
I may speak in terms of the compass). Moreover, the 
surface is cut off quite arbitrarily by the square which frames 
it, and is really a long endless mound running NE. to SW. 

A section along AB still has its summit at S. But in this 
surface, in distinction to that shown in Fig. 2, turning 4B 
around S as center does not displace the summit, for both 
SA and SB will move equally uphill if 4SB is rotated. The 
regression lines do not separate. Yet there is clearly not a 
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perfect correlation between x and y; many y’s are associated 
with one x, and many x’s with one y. 

It is true that if the ordinary calculations of correlation, 
standard deviations, etc., are applied to the numerical data 
represented by the framed portion of Fig. 3, two regression 
lines would be obtained. But that is simply because the 
surface has been arbitrarily terminated at the frame.* The 
ordinary calculation corresponds to finding the mean of the 
section along CD, and that mean is displaced simply because 
the section is arbitrarily terminated by the frame of the figure. 
The calculation of r from data of this sort has no connection 
with the real degree of closeness of association of x and y; 
it is merely dependent on the limits set tox andtoy. xandy 
have, indeed, no true sigmas,‘ they go on for ever. Their 
calculated sigmas are mere artifacts. 

Now chronological age and mental age might conceivably 
form a surface of the above kind. Without accurate defini- 
tion, mental age may be conceived of as some quantity, 
expressed in time units, whose sigma for a given chronological 
age is independent of that chronological age. This is almost 
certainly not the true state of affairs, but I am assuming it 
as a step towards considering a later conception more in 
accord with facts. With this assumption, that the scatter of 
M.A.’s of children of 10 is the same as that of children of 6, 
and with the understanding that we are going to ignore the 
limit to the growth of mental age which occurs somewhere 
about 16, or are going to break off our data before that age, 
we get a correlation surface between C.A. and M.A. exactly 
like Fig. 3. In such a world of hypothetical children, the 
average C.A. for given M.A. and the average M.A. for the 
same given C.A. would coincide provided we really sought 
out all of that M.A. and all of that C.A. 

And if we suppose, as is not impossible, that M.A. is a 
linear function of score in a valid test, then in such a world 

* Figure 2 is also shown in a frame, which in a sense is equally arbitrary. But in 
practice, in the case there shown, the portions of the surface outside the frame are 
infinitesimal, and instances do not occur outside its boundaries, or very seldom: 


whereas here there are no boundaries which do not exclude large numbers of cases. 
* Though x for a given value of y has a sigma, and also y for a given value of x. 
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the regression of score on age and of age on score would be 
identical, and yet many scores would be associated with one 
age and many ages with one score. Thurstone’s two defini- 
ions of mental age would become identical. There would be 
the practical advantage of one over the other inasmuch as 
we can fairly readily find all the people in (say) the township 
of Dalkeith who have a given age, but not easily all the people 
who make a given score. But could we find them ail, it 
would not matter which way we worked, in such a world. 
The reader may have an uneasy feeling that I have rather 
light-heartedly changed ground by considering now the corre- 
lation of score with age and formerly the correlation of 
mental age with age. But I think there is no real flaw here. 
Mental age is some function or other of score. It is a unique 
and definite function, and is not ‘correlated’ with score, if 
the latter be the true value. If M.A. is a simple linear 
function of score then it is simply score under another name, 
the zero and unit being changed. To standardize a test 
means in that case to find that zero, and those units. The 
diagrams of this paper wherein M.A. appears could have 
s,core’ written in its place. 

If M.A. is a more complex function of score then indeed 
thought becomes difficult. But my experience is that if the 
items for which points are given are numerous, small, and 
varied then the relationship in question is certainly approxi- 
mately linear in childhood. One can arrive at that experience 
on a rough working definition of M.A. without refinements.® 


7. Tue Corre.aTion oF M.A. anp C.A. on AssuMPTIONS 
More LIKELY To BE THE TRUE ONES 


However, mental ages are probably more scattered at 
later ages of childhood than earlier. If we imagine next a 


5A friendly critic of my M.S. asks quite rightly, after reading this paragraph, 
whether mental age is something already existing, or something which is to be defined. 
There is certainly something already existing which we wish to measure. We assume 
that that something is a unique function of the score. We find that, by taking 
numerous, small and varied items in constructing a test, we can make chronological 
age and average score have a straight line relationship (omitting as throughout this 
paper the ‘limits of growth’ difficulty). In order to make our results understandable 
by someone using another test we report age (mental age we call it) instead of score. 
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world in which still there is no limit to the growth of intelli- 
gence (and such is the world of childhood, such would be 
the world if we all died at about 15, so the hypothesis is 
conceivable) but in which intelligence quotients are constant, 
then the scatter of mental ages will increase proportionately 
with age. More exactly, let me define 


1.Q. = ee or more conveniently g = 





8/3 


Let me postulate that o, is independent of a and equal to 
0.13. If we call the central I.Q. 100 instead of unity then 
this corresponds to a sigma of 13 points of I.Q. which is 
what Terman’s group of 905 had. Let me further say that 
for a given a the average m is equal to a, and that the m’s 
corresponding to any given a are normally distributed. Then 





Chronological Age 
© 13 34 5 6 7 8 Q 10 8 82 19 14 15 16 17 





24 2 
23 1 6 
22 5.4 
21 2 13 38 
20 2 10 34 74 
19 1 6 28 69119 
18 4 23 66 121 158 
17 3 28 61 123 166 174 
16 I 13 46120 172 184 158 
15 9 46118 184 196 166 119 

S14 § 38117 191 208 172 121 74 

< 33 2 29 III 200 224 184 123 69 38 

$ 12 I 20 102 210 242 191 120 66 34 16 

§ 11 II QI 221 262 200118 61 28 13 

= 10 5 75 230 286 210117 46 23 10 4 2 

9 2 57239314 221111 46 28 6 2 I 

8 37 242 348 230 102 38 13 4 2 | 

7 18 239 392 239 91 29 9 3 I 

6 5 224 444242 75 20 § I 

5 191 516239 57 II 2 

4 136 608 224 37 5 I 

3 62728 191 18 2 

2 '§ 876136 5 

I 990 62 

©}1,000 5 








1,000 cases in each column 





Fig. 4..° 


*The column or row marked 8 is to be read as over 8 and under 9, and so on. 
The Table, being based on the sigma of 13 points of 1.Q. found in Terman’s unselected 
group of 90s, may be useful to readers apart from its present purpose. 








408 GODFREY H. THOMSON 


instead of the surface of Fig. 3 I will get a surface fairly 
well represented by the numbers in the following table, which 
forms Fig. 4, taking 1,000 children in each age group. The 
numbers in Fig. 4 are obtained in this way. Consider the 
column of C.A. 8 and take its center line which represents 
8.5 years. A mental age of exactly 11 years represents an 


1,100 _ 
1.Q. = —* 129.41. 


With our assumed sigma of 13 points this represents 


a = 2.260 above 100. 
From Sheppard’s Tables of the probability integral this 
corresponds to .9880894 of the area, or to 988.0894 of our 
1,000 children. Therefore 11.9106, or 12 children of 84 years 
may be expected to be of mental age 11 years or more on 
our assumptions, and 12 are shown in the table, of whom 
one by another calculation is found to be above 12 yrs. M.A. 

A similar calculation for children of 83 whose mental age 
is on these assumptions I0 years or more gives 87, from which 
the above 12 have to be deducted, leaving the 75 shown in 
the table. And so on. 

Strictly speaking the numbers ought to represent the 
volumes of the cells in which they are placed. Our approxi- 
mation of using the area along the center line is sufficiently 
close for our present purpose. 

To resume, then, we have made the assumptions that 
1.Q.’s are constant through life, that they have a standard 
deviation of 13 points, and that the average M.A. of children 
of a given C.A. will be equal to that C.A. We find a distri- 
bution over C.A. and M.A. as shown in Fig. 4. 

The north-south sections of this surface are exact normal 
curves. Their modes and means lie on the diagonal x = y. 
This is the one ‘regression’ line. Where is the other? 

The east-west sections are not exact normal curves but 
are skew. If we make a histogram of the row where mental 
age is 93, we get Fig. 5. This histogram is not strictly 
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correct for the reason explained earlier. If however we find 
its centroid just as it stands we obtain 9.873 years. That is 
to say, the average C.A. of those of M.A. 9.5 is 9.873. The 
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average M.A. of those of C.A. 9.5 we made 9.5. The two ‘re- 

gression’ lines here are clearly very close together, and indeed 

slightly on the ‘wrong’ side of each other, if means are taken. 
Similar treatment of other (complete) rows gives: 


Given M.A. Average C.A. 
DUS Raves en ecat OSS eEskepdKat ee eas ene abs 8.818 
DU a eee UA ab bis red weds ctddess OU causwavisreees 9.873 
DOE 5 cc cl cdvc ccs dabsn S000 8 O08 die posers ecnes'e 10.872 


Another estimate of a similar nature can be made by drawing 
the profile of one of the rows by another method. Taking 
the east-west line exactly at mental age 9 years I calculated 
with the aid of Sheppard’s tables not the areas as above but 
the exact ordinate at each half year of chronological age 
along that line. I then drew this curve on squared card- 
board, cut it out, and balanced it, finding by this device 
its centroid to be at about 9.3 years, agreeing with the kind 
of difference found in the former table. 

Of course if we take a portion only of Fig. 4 we can get 
‘regression’ lines of almost any kind. Suppose that we 
confine ourselves to ages over 6 and under 10, and that we 
have realized the necessity of testing all the children of these 
ages. We then obtain the Fig. 6. If we make our regression 
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lines by actually finding and joining the averages of the 
columns, and actually finding and joining the averages of 
the rows, then the former line (M.A. on C.A.) will be the true 

















C.A. 
6 7 8 9 
13 2 
12 I 20 
11 II 9! 
10 5 75 230 
9 2 57 239 314 
M.A. 8 37 242 348 230 
7 239 392 239 9! 
6 444 242 75 20 
5 239 57 II 2 
4 37 5 1 
3 2 
Fig. 6. 


one, but the other (C.A. on M.A.) will be an artefact caused 
by the rows being artificially cut off to the east and west 
of the figure. The two regression lines will appear to be 
far apart and to cross whereas really they are practically 
coincident. 

If we perform the Pearsonian Product-moment calculation 
on the above numbers of Fig. 5 we obtain (without the 
refinements of Sheppard’s corrections) 


Tom = 0.716, 
oq.’ = 1.25 years, 
Om? = 2.44 years. 


In passing note that ram = oa/om thus agreeing (since @ = m) 
with the test for the unselected nature of a sample which I 
gave in an article with Pintner (J. Educ. Psychol., 1924, 15, 
p- 442). This sample is unselected in the sense that all the 
children over 6 and under Io are included. 

With the aid of these values we could draw the two 
regression lines for Fig. 6. They would cross in the middle 
of the figure. The line CD (compare Fig. 1) would have an 
angle with the horizontal whose tangent was 
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i.e. it would be at an angle of 45°. It truly represents the 
connection of M.A. with C.A. The other, 4B, would be 
inclined to the vertical at an angle whose tangent was 


Ca t , , 
—Tfon ™ re in this case 0.5123, 


m os 

i.e. an angle of 27°. It does not however represent anything 
useful about the connection of M.A. with C.A. It merely 
is due to the diagram being cut off at 6 years and at I0 years. 
The inclination of CD was independent of the sigmas. The 
inclination of 4B depends on them: and the sigmas merely 
indicate where we have cut off our age class of children, 
for age and mental age have in themselves no sigma, they 
are variables but not variates, they have no central tendency, 
unless one or the other is artificially limited. 


8. Exact TREATMENT OF THE PROBLEM 


Let x represent chronological age and y mental age. Then 
for a given C.A. y has by assumption to be distributed 
normally. Write z for frequency. That is: 

I 


y2 
z= ——¢ for givenx. (1 
mm g (1) 





The mean y has by assumption to equal the given x. There- 
fore over the surface, 





z= —G ae (2) 


With o constant this would represent the surface shown in 
Fig. 3. Here not only is y distributed normally for given x, 
but x is distributed normally for given y, and mean y equals 
given x while also mean x equals given y. This would be 
the case where the distribution of M.A. (or of test score) 
was independent of C.A. In this case however I.Q.’s could 
not remain constant. 
If I.Q.’s are to remain constant, we must write 


o = kx (3) 
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and the surface then becomes 


1 tee 
2 kxan i (4) 


This is a surface like that shown in Fig. 4. Sections of it 
parallel to the axis of y (and perpendicular to the paper) are 
normal curves, 1.¢. M.A. is normally distributed for given 
C.A. Mean M.A. is equal to given C.A., i.¢.9 = x. Sections 
however parallel to the axis of x have the equation 

|= (s) 
<i kx Jan : 5 
These are skew curves. Only the portions for x positive 
come into our ken. Mean x is no longer equal to given y, 
i.e. mean C.A. is not equal to given M.A. There are two 
lines, though they cannot properly be called regression lines, 
and they are very nearly coincident, with practical values 
of cand k. The mean value of x for y = c is 


(e—z)2 
: 4 e Bz dx 
. (6) 


o,; cao 
f —¢ mz dx 
x 


x= 








and I am sorry that I cannot evaluate it algebraically. 
The experiments previously reported show that the locus is 
very nearly on the same line x = y, but a trifle nearer the 
axis of x, for k = 0.13. 

It is however easy to find the locus of the mode of x for 
given y (literally the most probable single C.A. for given 
M.A.). It is obviously where 


dz 
ax eg O, (7) 


the z here being the z of equation 4. This gives 


—1+Vi1+ 4h). 


2k? 


This is a line nearly coincident with x = y, and slightly on 





(8) 
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the side of the y axis, i.e. x = y separates the line of means 
and the line of modes of the curves y=c. For k = 0.13 
(which is a sigma of 13 points of I.Q.) we have 


x = 0.99y. 
By writing (8) in the form 


y=l(rt+ vi + 4h), (9) 


we see that when k = 0, x = y, which serves as a check, 
since this must be so by first principles. 


9g. CoNCLUSION 


I conclude that it is certainly possible, and indeed highly 
probable, that Thurstone’s two definitions of mental age are 
practically identical. 

In practice one can fairly readily find the average score 
of all people in a community of a given age, especially a 
school age, but not easily the average age of all people of a 
given score. The latter will be practically the same as the 
former if score is something without any restricting top 
limit, 1.¢. if the test or sequence of tests can be given from a 
young to an advanced age of childhood without serious 
jamming against zero or maximum possible score. The 
reason is that age and score, in such a test, are quantities 
which form a ‘correlation’ surface of the peculiar type 
described in sections 6 and 7, at any rate approximately. 
Incidentally it becomes clear that all correlations involving 
age as one variable are very peculiar in significance and are 
rather functions of the age limits than of the closeness of 
association of age with the other variable, and this not 
merely in the way in which selection modifies all correlations, 
but in a different and more serious fashion. The correlation 
coefficient is indeed inadequate to measure such an association, 
even though ‘regression’ be linear. 


(MS. received April 17, 1928] 














THE FUNDAMENTAL ERROR OF THE CONCEPT 
OF PURPOSE AND THE TRIAL AND 
ERROR FALLACY 


BY ZING YANG KUO 
Shanghai, China 


INTRODUCTION 


If there is a real danger in the behavioristic movement, 
it is the conciliatory attitude of the behaviorists towards the 
traditional psychology. In recent years, there have been 
attempts to retain in the behavioristic system such un- 
scientific concepts as consciousness, heredity, emotion, person- 
ality, habit, trial and error, purpose, and the like by giving 
them objective interpretations. In this connection mention 
must also be made of the futile effort to make introspection 
a behaviorist method by considering it as an objective 
procedure. The fact that the methods and concepts of the 
traditional psychology are capable of objective treatment is 
no justification for their retention in a new system of science 
which is based on a premise radically different from that of 
the traditional psychology. I have elsewhere shown that the 
entire concept of heredity is useless from the behaviorist 
standpoint.! I even feel certain that all the traditional 
concepts such as emotion, habit, thinking, personality, etc. 
as they are still retained by some behaviorist writers, are 
also useless for constructing a genuine behavioristic program. 
In the present paper, however, I shall confine my effort 
merely to presenting the thesis that both the concept of 
purposive behavior and that of trial and error in animal 
learning are out of harmony with the behavioristic premise 
which is founded on the fundamental principles of the 
physical sciences. 


1Cf. Kuo, Z. Y., ‘A Psychology without Heredity,’ Psycuo.. Rev., 1924, 31, 
pp- 427-448. See also my forthcoming article, ‘The Net Result of the Anti-heredity 
Movement in Psychology,’ Psycuot. Rev., 1929. 
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THE FuNDAMENTAL ERROR OF THE CONCEPT OF PURPOSE 


In this paper I shall not involve myself in the his- 
torical dispute between mechanism and teleology or between 
mechanism and vitalism. In my article on ‘The Net Result 
of the Anti-heredity Movement in Psychology,’ I have 
pointed out that vitalism has no place in natural sciences. 
Those who take McDougall’s semi-religious dogmas seriously 
may do well to stop thinking any more of psychology as a 
science. To me it is a plain waste of time for a laboratory 
scientist to be engaged in any debate with the vitalists whose 
very purpose is the repudiation of the validity of scientific 
experimentation. Therefore, I shall confine myself to the 
discussion of the so-called behavioristic or objective view of 
purpose, a theory purporting to explain teleology in non- 
vitalistic or non-animistic terms. 

During the last few years a group of writers have at- 
tempted to fit the concept of purposiveness into the stimulus- 
response psychology. They employ such terms as, deter- 
mining tendency, directing tendency, tendency to reaction, 
determining adjustment, motor-set, motor-attitude, behavior- 
set, drive, consummatory reaction, response-posture, and the 
like, to designate purposiveness of behavior. While these 
writers differ in details, they all agree in essentials in holding 
that the drive is an objective phenomenon and does not 
necessarily involve any mental or ideational process. The 
drive or motive, so these writers claim, directs and selects 
bodily activities with reference to its goal. According to 
Woodworth, this view does not “drop back into the old self- 
activity Psychology, which thought of the individual as 
originating his acts from within himself.”! But it is a 
concept of purposiveness, nevertheless, a concept which gives 
“room for internal states that Jast for a time and direct 
action.” ? 

The chief exponents of the above view are Perry, Tolman 
and Woodworth. Craig and Holt may be considered as 
holding a similar view. The present writer in his earlier 

1 Woodworth, R. S., ‘Psychology: A Study of Mental Life,’ p. 70. 

2 Op. cit., p. 71. 
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writings * also subscribed to this conception. While Lashley, 
Watson, and Weiss, the three recognized behaviorists, have 
not made any explicit statement as to their attitude towards 
this motor-set concept of purpose, the implication of their 
writings seems to indicate that they have no serious objection 
to the theory in so far as it has no subjectivistic or mentalistic 
implications. Now it remains for us to examine whether 
this so-called objective view of purpose has sufficient reasons 
to be included in the behavioristic system. 

In the first place, the concept of purpose does violence to 
the stimulus-response formula. Behaviorism, as I under- 
stand it, cannot be anything more than a science of mechanics 
dealing with the mechanical movements of those physical 
structures (or electron-proton-aggregates according to Weiss) 
which the biologists have called organisms. The S-R formula 
of behaviorism is directly derived from the basic principles 
of physics. Hence, in describing behavior, no behaviorist 
should make any assumptions which are not in harmony 
with the fundamental concepts of the physical sciences. 
Now, in physics, every movement is considered as a direct 
functioning of some environmental stimulus; no modern 
physicist will assume a third term or third factor—be it 
mental or otherwise—to explain physical behavior. Why, 
then, should the behaviorist be required to do so? Is not 
the behavior of the organism also a direct functioning of 
environmental stimulation? Do we really need such con- 
cepts as motive, purpose, drive, impulse, determining tend- 
ency or what not, to explain behavior? If we accept the 
S-R formula as our scientific motto, can we allow any third 
factor—purpose, drive or what not—to be a causal factor 
of behavior? In other words, have we a right to assume any 
factor other than stimulus as the directing and determining 
agency of response? Indeed, to the behaviorists, every 
action of the organism is a passive or ‘forced’ movement— 
to borrow J. Loeb’s expression—passive in the sense that 
the organism does not initiate movements by itself except 
being compelled by environmental forces. The difference 


* Cf., ‘How Are Our Instincts Acquired’? Psycnor. Rev., 1922, 29, 344-365; 
*The Nature of Unsuccessful Acts, etc.,’ J. Comp. Psychol., 1922, 2, 7-27. 
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between the action of a man and the movement of a stone 
is merely a difference in complexity, primarily due to the 
differences in the complexity of structure. With the advance 
of the behavioristic technique such a difference should become 
capable of mathematical treatment. The basic principles 
that have been employed to explain the behavior of a stone 
should be sufficient to explain human behavior. The be- 
haviorist need not assume an inner motive in the case of 
human behavior any more than the physicist needs to assume 
spiritual influence in the case of stone movement. 

Secondly, the so-called objective view of purpose is really 
a restatement of the old-fashioned mentalistic conception in 
different terms; it can not avoid the animistic or vitalistic 
implications. For, if actions are to be defined in terms of 
their goal, the question immediately arises, ‘how does the goal 
influence behavior’? If we accept the view of Perry, Tolman 
and Woodworth that the goal directs and determines indi- 
vidual actions, then we shall have other causal factors of 
response than specific stimulus. But just how this other 
causal factor operates in an objective and mechanical way 
none of the exponents of the objective view of purpose has 
made clear. So far as I can judge, practically all of these 
writers have described the function of the motive in exactly 
the way in which the mentalists would describe the function 
of ideational process or will-power. The only difference lies 
in that the mentalists ‘look within’ and so discover the inner 
drive, while the objectivistic teleologists ‘look without’ and 
infer from behavior that some inner drive is directing the 
movements of the organism. ‘The assumption of the existence 
of some inner force is the same in both cases except that 
the objective description of it (i.e. by inference) is a much 
inferior method to that of introspection. In other words, 
the mentalist can, by hypothesis, claim that his subject feels 
or experiences his inner motive, whereas the objectivistic 
teleologist, though also assuming the existence of inner 
motive, denies the right of his subject to directly experience it. 

Granted that there are such physiological facts as those 
that have been called motor sets, or states of tension, they 
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cannot be taken as drives or motives as some of the teleologists 
have done. The so-called motor set is really a general name 
for those physiological facts the exact nature of which we are 
still ignorant of. In many cases, though, a motor set is 
simply an implicit response in the absence of an adequate 
external stimulus which is originally responsible for making 
the response explicit. A hungry child may have some implicit 
sucking movements in the absence of actual food. But do 
such movements constitute a purpose? Do they direct and 
determine other acts? We must remember that an implicit 
response itself is the direct result of some other stimulus such 
as the contractions of the alimentary tract, salivary secretion, 
etc. in the case of implicit sucking movement; its presence 
is no proof for the existence of a purpose. Some writers 
have considered the implicit response as an incomplete or 
anticipatory reaction tending towards certain end-results. 
This is a mistake. A response is always a completely executed 
action, or else it is not a response at all. The difference 
between an implicit response and an explicit one is not a 
difference in their completeness or incompleteness, but rather 
a difference in the amount of physical energy consumed by 
the two responses. In other words, both implicit and explicit 
actions are completed responses; an implicit response is no 
more anticipatory than the so-called consummatory reaction 
is retrospective. Craig has observed that in the absence of 
appropriate stimuli, doves may perform certain incipient 
nesting reactions. This observation has been taken to be 
an excellent demonstration of the purposive concept. But 
the question is: ‘How do these incipient responses anticipate 
or direct and determine subsequent reactions’? Indeed, 
unless there is a spiritual entity of some sort pushing behind 
these incipient responses, we can hardly understand how 
they operate as a determining agency. The fact is that 
incipient actions are themselves specific responses to specific 
stimuli; they are different from explicit responses simply 
because the nature of their stimuli is different. To call an 
incipient response anticipatory or purposive is to apply an 
anthropomorphic interpretation to mechanical behavior. 

1 Craig, W., ‘Appecites and Aversions as Constituents of Instincts,’ Biol. Bull., 
1918, 34, 91-107. 
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Furthermore, if the implicit food-getting response is a 
goal-seeking adjustment, as Prof. Tolman would call it, 
what goal does the explicit eating movement seek for? 
Remember again that the difference between an implicit 
sucking act and an explicit one is merely a difference in the 
intensity in the muscular contraction and glandular secretion. 
Now if the less intense muscular contraction and glandular 
secretion (motor set, etc.) could direct and determine future 
actions, why not the more intensive ones, the explicit re- 
actions? Why do the less intense movements, the implicit 
responses, exert such a powerful influence as to direct and 
determine the more intensive explicit reactions? To these 
questions, the motor-set concept teleologists can not give any 
answer. In fact, it is much easier and involves much less 
self-contradiction to define purpose in mentalistic or animistic 
terms than to rest the case on physiological presumptions. 

The foregoing discussion implies a complete denial of the 
distinction between the so-called consummatory reactions 
and preparatory or subordinate reactions. If the objective 
teleologists accept the motor concept as equivalent to the 
consummatory reaction tendency, they must explain without 
assuming some metaphysical entity, as has been pointed out, 
how the weaker actions—implicit responses—direct and deter- 
mine the stronger. ones, the external reactions which these 
teleologists have called preparatory or subordinate responses. 
On the other hand, if they reject the motor-set concept, they 
will have to fall back into the old self-activity psychology 
which they have professed to avoid. 

My point is that every individual reaction is called forth 
by a specific stimulus; it cannot be directed or determined 
by anything else. Take the case of maze learning in the rat. 
Every bit of movement of the rat in the maze is determined 
by the specific nature of the factors in the stimulus pattern, 
intraorganic as well as external. Why the rat goes to one 
alley instead of another is to be understood by the detailed 
analysis of the specific nature of each alley, the general 
pattern of the maze, and the physiological factors at the 
moment, together with the behavior history of the rat. The 
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concept of purpose is a lazy substitute for such a careful and 
detailed analysis. In other words, when we are ignorant of 
those specific chemical and mechanical factors and of the 
behavior history of the rat which determine its movements, 
we refer to a purpose. With better understanding of the 
nature of the elementary stimuli and of the stimulus pattern, 
with more knowledge of physiological facts, and with clearer 
insight into the behavior history, the concept of purpose of 
whatever form will eventually disappear. 

The objectivistic teleologists often base their claim of 
purpose on two facts: (1) that certain types of animal 
activities seem to persist for a time, and (2) that the animal 
in responding to a great variety of environmental stimuli 
seems to be selective with reference to some future end or 
goal. They insist that such persistence and selectiveness 
cannot be explained without the assumption of some inner 
motive. I think it needs no argument to convince a keen 
observer of behavior that the only selective agency of behavior 
is stimulus. The animal is simultaneously acted upon by a 
great number of stimuli. But what response the animal will 
make at a given moment depends upon the prepotency of the 
stimuli (intraorganic as well as external)—prepotency in 
both momentary and historical sense. In other words, the 
organism—animal as well as man—is always a passive 
machine acting in one direction or another as a result of 
predominance of chemical and physical forces in the environ- 
ment. Thus, if, in the presence of two rival stimulating 
objects, food and sex, the animal responds to food rather 
than to sex, our conclusion is not that the food motive of 
the animal is stronger than the sex motive, but rather that 
the sex stimulus is weaker than the food stimulus. There 
is nothing purposive about the animal’s preference of food 
to sex; nor does it select or direct its own activities. The 
animal behaves as it does because a certain prepotent stimulus 
in the environment has forced it that way. In this connection 
I wish to point out that those recent studies by F. A. Moss, 
R. Simmons, C. Tsai, F. Holden, C. J. Warden, L. H. Warner,? 


1Cf. Holden, F., ‘A Study of the Effect of Starvation, etc.,’ Comp. Psychol. 
Monog., 1926, 3. ‘This monograph also contains the titles of articles whose authors 
I have here referred to. See also Warner’s ‘A Study of Sex Behavior, etc.,’ Comp. 
Psychol. Monog., Serial No. 22. 
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and others are really studies in the degree of strength of 
stimuli (including physiological factors) rather than motives 
or drives as such. 

Now it is reasonably clear that what persists in a given 
situation is the prepotent stimulus rather than some inner 
motive. The animal will continue to be forced to act in a 
certain direction as long as the prepotent stimulus lasts. 
Change the prepotency from one stimulus to another, and a 
change in the direction of behavior inevitably follows. Sup- 
pose a rat has been kept without food for one or two days. 
The rhythmic contractions of the alimentary tract may 
become the most prepotent stimulus which may last for a 
time and make the animal produce various restless move- 
ments. In this case, the purposive psychologists will insist 
that the animal in question is seeking for some goal (food), 
for, so they argue, as soon as food is given, the restless move- 
ments of the animal disappear. My reply is that these 
restless movements are no indication of the goal-seeking on 
the part of animal, they are merely the direct result of that 
prepotent stimulus we call contractions of the alimentary 
canal; they last as long as contractions of the alimentary 
canal remain prepotent, they disappear as soon as the con- 
tractions cease to be prepotent. They are just as specific 
and complete responses, as the actual eating of food; they 
have no reference to an end or to the future; for they end 
with themselves and their future is the shifting of prepotency 
from the contractions of the alimentary canal to some other 
stimulus. Supposing that at the time when the rat is making 
these so-called restless movements, we, instead of giving him 
food, sound a police whistle in front of his cage. What will 
become of these restless movements when the whistle is 
sounded? . They will immediately disappear, and the rat 
will be most likely to run away and hide itself under sawdust. 
In this case, has the rat reached its goal because its restless 
movements have disappeared? Was the rat seeking rest- 
lessly for the sound of a whistle as its goal? The simple fact 
is that the sound of the whistle is a stronger stimulus than 
the contraction of the alimentary canal and hence the latter 
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ceases to be prepotent any longer. In brief, persistence of 
behavior is no evidence for a purpose. Nor is the taking of 
food the accomplishment of a goal. When the food goes 
into the stomach, the stomach contraction ceases, there is 
some change in the visceral tonus, and prepotency of stimu- 
lation immediately shifts to something else. In other words, 
the effect of food-taking on the behavior of the rat is the same 
as the sound of a police whistle; both tend to change the 
prepotency of stimulation from one thing to another, but 
neither accomplishes any purpose. 

This immediately brings us to the point recently brought 
out by Watson. Watson insists that there are no such 
things as adjustments, and that “‘the only adjusted person 
is a dead person—one from whom no response can be called 
out to any stimulus.” ! In other words, from the beginning 
of life to the point of death, behavior is characterized by its 
continuity and endlessness. There is always a shifting of 
the prepotency of stimulus which results in the shifting of 
response, but there is no goal to be reached, the ending of a 
response merely means the beginning of some other response. 
Behavior has no end, its only end is to be followed by some 
other behavior. In a stream of ceaseless movements of the 
animal, I do not see how one can divide them into groups 
according to ends or purposes; for every individual act 
accomplishes its own purpose, and ends with itself. There 
is no objective criterion to determine which actions are the 
final ends and which are merely means toends. In practically 
all cases of animal learning, the end is always an artificial 
or arbitrary one. That is to say, the experimenter starts 
out his experiment with a preconceived end, and when the 
animal has reached a certain end (note that this is not the 
animal’s own end) its ceaseless movements are brought to 
an end; ¢.g., when the animal has gone through the correct 
path and has reached the food box and taken food, the 
experimenter immediately interrupts its activities and brings 
it back to the entrance of the maze again. Indeed, if there 
is any ‘purpose’ in animal experimentation, that purpose 
belongs to the experimenter. 

1 Watson, J. B., ‘Behaviorism,’ p. 153. 
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The teleologists may still argue that in our hypothetical 
illustration of the hungry rat two impulses are actually 
involved, the fear impulse and the impulse to get food. 
When the contractions of the alimentary canal are dominating 
the situation, the food-getting impulse is aroused. On the 
other hand, when the sound of the whistle is dominating, 
the fear impulse is aroused. In both cases some inner motive 
is involved. I must confess that such terms as impulse, 
drive, urge, motive, motivation, emotion, tendency, and 
tendency to reaction are altogether unintelligible to me: 
they either mean the same thing or they mean nothing at all. 
They all belong to that general category of instinct. I fear 
I have language defects, since I cannot understand any 
scientific descriptions which are not rendered in concrete and 
observable terms. I only know that the duty of a behaviorist 
is to describe behavior in exactly the same way as the physicist 
describes the movement of a machine. I am pretty sure 
that the human machine possesses nothing abstract, and I am 
pretty sure also that this human machine behaves in a 
certain way because environmental stimulation has forced 
him to do so. I can see no way to fit impulse, drive, instinct, 
emotion, tendency, motive, determining tendency, and the 
like, into my scientific scheme. I find that such vague, ill- 
defined and abstract concepts serve no scientific purposes. 
They carry no better meaning than any mentalistic or 
subjectivistic concepts. 


THe TRIAL AND Error FALLACY 


Perhaps it needs no further introduction to make it clear 
that the rejection of the concept of purpose implies a 
repudiation of the current view of the trial and error learning 
in animals.- For this view is based on the notion that in a 
learning situation, the animal has a purpose, or is making 
some effort to solve a problem, or is trying to do something. 
If we accept the view that every movement of the animal is 
passive and forced by environmental stimuli, intraorganic 
and extraorganic, certainly this concept of trial and error 
must be abandoned. As I have already pointed out, in 
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practically all the experiments on animal learning, the 
purpose is preconceived or created by the experimenter— 
the animal itself has no aim or goal. Since the adoption 
of the experimental methods in the study of animal behavior, 
all the experiments on learning have been performed under a 
false assumption, an assumption that reads the purpose of 
the experimenter into the animal. This assumption has 
obscured many genuine problems of animal behavior and, 
as we shall see later, has made the experimenter responsible 
for his failure to control animal behavior adequately.! 

The concept of trial and error is almost always linked 
together with the concepts of instinct and insight or intelli- 
gence or ideation. Trial and error learning is supposed to 
be opposed to instinct. Actions are divided into two classes, 
learned and unlearned. Learned actions are acquired through 
the process of trial and error, while unlearned actions are 
results of inherited or predetermined nervous dispositions. 
In my writings? concerning instinct and heredity I have 
shown that the whole concept of instinct as well as the 
distinction between learned and unlearned actions must be 
abolished. I do not want to enter into the discussion of 
this moot question here, I merely. wish to point out that if 
the entire concept of instinct together with its criterion of 
unlearnedness is rejected, its counter-concept, the concept of 
trial and error, becomes meaningless. 

During the last few years a new variety of the old- 
fashioned mentalistic psychology with the label ‘made in 
Germany’ has been introduced to America. I refer to the 
so-called Gestalt-Theorie. Among various disputes with their 
fellow mentalists—which disputes, by the way, do not seem 
to interest the behaviorists in the least—the Gestalt-psy- 
chologists make a severe attack on what Bertrand Russell 
has considered as an American production,’ the theory of 
trial-and-error learning. They point out that the whole 

11 do not object to the experimenter’s setting up a problem or purpose for behavior 
study. But such a purpose must not be read into the animal under investigation. 

2 See my two articles, ‘A Psychology without Heredity,’ Psycuor. Rev., 1924, 
31, pp. 427-448 and ‘The Net Result of the Anti-heredity Movement in Psychology,’ 


already referred to. 
* Bertrand Russell, ‘Philosophy,’ 1927, p. 39. 
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American work on animal learning has been in the wrong 
direction, since the maze and box problems are not suitable 
for testing the insight of the white rat. I do not see any real 
point in the whole quarrel. The term ‘insight’ or intelligence 
has long been used in the traditional psychology as a counter- 
concept of trial and error; without the one, the other also 
becomes meaningless. I have brought in the Gestalt view of 
learning here simply to make it clear that in our attempt to 
remove the concept of trial and error from the science of 
behavior, we are far from introducing a more ancient and 
more unscientific concept, the concept of insight. As a 
matter of fact, the Gestalt-psychologists, at least so far as 
their view of learning is concerned, are simply trying to 
persuade their American colleagues to go back to the middle 
ages.! 

If animals have no purpose, if the concept of trial-and- 
error iearning should be abolished, it necessarily follows that 
the division between successful and unsuccessful movements 
in the learning experiment is anthropomorphic and wholly 
ungrounded. Such a division is made purely from the 
experimenter’s standpoint. Whether an act is successful or 
unsuccessful depends on the purpose of the experimenter. 
From the objective standpoint, one act is just as successful 
or just as unsuccessful as any other one, and, hence all acts 
are equally important regardless what purpose they may 
accomplish from the experimenter’s anthropomorphic point 
of view. The artificial division of acts into successful and 
unsuccessful has created a tendency on the part of the 
experimenter to overlook the importance of the so-called 
unsuccessful movements, thus neglecting their study. Such 
a neglect is, in part, responsible for the fact that in spite of 
more than a quarter century of animal experimentation we 

1 That the Gestalt view of learning is anthropomorphic in the extreme is clearly 
evidenced by Koffka’s criticism of the American work that the animal was not allowed 
to participate in the experiment. He objects that in trial-and-error learning the animal 
has no ‘notion of why its behavior is being modified.’ (‘Growth of Mind,’ p. 155. 
Indeed, when one reads such books as Kohler’s ‘The Mentality of Apes,’ one wonders 
whether the author has made any advance on Aristotle’s works on animals. 


2 Cf. Ulrich, J. L., ‘Integration of Movements in Learning in the Albino Rat,’ 
Psychobiology, 1922, 3, pp- 375-386. 
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still know so little about the effective means of controlling 
animal behavior. 

If animal behavior is to be described in terms of func- 
tioning of stimulus, it goes without saying that the animal 
plays no part in the so-called selection and elimination of 
movements; the only selective agency is stimulus. The 
appearance or disappearance of a movement is due to the 
effectiveness or ineffectiveness of stimuli tending to call out 
the movement in question. It may be asked how, in the 
light of our contention that in the selection of movements 
the animal is passive, we explain the fact that in the trial 
and error experiment the so-called unsuccessful acts finally 
fail to appear in spite of the fact that the stimuli tending to 
call out these acts were formerly effective? Our answer is 
that in such cases the factors of intensity, reinforcement, 
summation, and inhibition of stimuli are always responsible. 
Let us take the maze learning again. The blind alleys are 
finally eliminated while the correct paths are selected, because 
the stimuli for the later are strongly and constantly reinforced. 
Other things being equal, the correct paths have at least four 
additional stimulus factors reinforcing one another which the 
blind paths do not possess. These four factors are stomach 
contraction, food, frequency, and recency. In the cases 
where punishment is used the factor of inhibition of stimulus 
is introduced. In this connection it must be noted that under 
ordinary circumstances, the stimuli of hunger contraction 
and food are strong enough to gradually become most 
prepotent in the maze situation even without the aid of 
frequency and recency. But we must not overlook the 
importance of frequency and recency as reinforcing factors. 
The fact that some recent experiments seem to show that 
recency and frequency alone do not determine the selection 
of the rats’ movements does not imply that they are not 
important reinforcing factors. No one can deny the fact 
that, as a result of the artificial arrangement of the experi- 
mental situation by the experimenter, the entrances into 
true paths are always among the most frequent and most 
recent acts, if not the only most frequent and the only recent 
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ones. If frequency and recency alone do not necessarily 
determine the relative prepotency of stimuli, certainly they 
do help other factors to become prepotent more easily and 
more readily. 

It should: be noted, however, that in those experiments 
where it has been shown that the blinds most frequently or 
most recently entered are more difficult to be eliminated 
than the others, it seems evident that these two factors do 
sometimes act as chief determiners of behavior. This im- 
portant fact has been overlooked by the critics of Watson’s 
theory of learning who, due to their teleological bias, have 
not been able to evaluate the entrances into the blinds 
without reference to the experimenter’s goal. In other 
words, those recent experimental facts purporting to discredit 
Watson’s principles of frequency and recency, seem, upon a 
non-teleological and more careful analysis, to substantiate 
Watson’s contentions. That is to say that in the absence 
of other reinforcing or inhibitory stimulus factors, such as 
hunger contraction, food, and sex, or punishment, frequency 
and recency will become most effective factors in determining 
behavior. My contention made here can be easily tested 
out by some simple experiments. For example, construct a 
circular apparatus with automatic recording mechanisms. 
This apparatus is to be equally divided into alleys, with 
entrance doors radiating from the center of the circle, thus 
giving all the alleys equal stimulating value, viewed from 
the center. Keep all other physical and physiological factors 
as constant as possible during the experiment. Put a rat 
in the center and let it go wherever it may happen to; the 
experimenter must not interfere with the rat’s natural move- 
ment in any way. Keep the rat in the apparatus (without 
taking it out) for a few days, and then examine the records 
to see whether the rat has made any preference in entering 
the alleys and whether frequency and recency have anything 
to do with such a preference. I think that only such simple 
experiments as this can give Watson’s principles a fair and 
crucial test. The studies reported by J. Peterson and by 
myself, which were referred to in my article on ‘The Nature 








ce ON Ae 


428 ZING YANG KUO 


of Unsuccessful Acts and Their Order of Elimination in 
Animal Learning,’ cannot decide the issue at all. For in 
these studies the factors of frequency and recency were never 
singled out and investigated independently; besides, both 
Peterson and I had too much teleological preconception in 
our procedures and interpretations.! It must be admitted, 
however, that Watson has worked out his theory from a 
wrong angle. He tried to use the factors of frequency and 
recency to explain the selection and elimination of the 
so-called successful and unsuccessful movements, without 
realizing that such an artificial division of movements into 
two opposite types necessarily implies a teleology. The 
unintentional acceptance of teleology by Watson has defeated 
his own purpose, and has created many unnecessary difficulties 
for his theory. In fact, one wonders if the problem of 
frequency and recency as determiners of behavior can be 
solved at all, when it is phrased in teleological terms. 

Strictly speaking, we should not state behavior in terms of 
selection or retention and elimination at all. For all such 
terms usually carry some teleological implications. As a 
matter of fact, no act is ever selected or retained or eliminated 
by the animal at all. When a stimulus or a group of stimuli 
in a given situation is prepotent, certain act or acts will be 
called out; when it loses its prepotency, some other act or 
acts will take place. This is all that is necessary for the 
natural description of behavior. Indeed, unless we describe 
behavior in strict terms of the direct functioning of environ- 
mental stimulation and nothing else, the stimulus-response 
formula becomes meaningless. 

As a logical consequence of the above view, it is obvious 
that all the theories of learning postulated by Thorn- 
dike, Hobhouse, Jennings, Holmes, Carr, Peterson, Watson, 
Tolman, Perry, Woodworth and others, are superfluous and 
unnecessary. All these theories are based on the concept 
of trial and error and intended for the explanation of selection 
of movements. If the concepts of trial and error and 

1 The writer has devised plans which will soon be carried out, to test the relative 


efficacy of frequency, recency, food, sex, and punishment in determining behavior. 
Each of these factors will be singled out and studied separately but comparatively. 
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selection of movements are rejected as we have done in 
this paper, all these learning theories will no longer serve 
any purpose. Of course, there are certain aspects in some 
of these theories which can be translated into such familiar 
concepts as intensity, reinforcement, summation, and inhi- 
bition of stimulus. But these are not the essential points 
of the learning theories, for the sponsors of these theories 
all presuppose that the animal is actively selecting its own 
movements in the light of their results, a notion which is 
diametrically opposed to the view expressed in this paper 
that every action is passive, and determined and compelled 
solely by stimulus. 

A further implication is involved in our thesis. There are 
no such things as habits, habit-formations or fixation of 
habits in the following senses: (1) in the sense that a new 
act or a series of new acts has been acquired, (2) in the sense 
that certain acts have been selected and retained or fixated, 
(3) in the sense of formation of new neural pathways, and 
(4) in the sense of reduction of synaptic resistance. Let me 
examine briefly these four senses of habit-formation in turn. 

1. Except those cases in which improvement in muscular 
co6rdination is involved, there is no new act or series of new 
acts in any stage of the so-called learning process; every act 
appearing in the learning process is an old act having its 
history dated back to the early life of the animal. But 
there may be a new serial order of movements due to the new 
patterns of the learning situation. While the learning process 
is going on, certain acts tend to appear more frequently and 
constantly while certain others will gradually disappear. 
This is due to intensity, reinforcement, summation, and 
inhibition of stimulus, as I have already pointed out. Thus, 
we may just as well drop out such terms as habit-formation 
or acquisition of new habits, for throughout the so-called 
learning process no new habit has been formed or acquired. 
I will even go a step further and propose that we shall 
eliminate the terms ‘habit,’ ‘learning,’ and ‘learning process’ 
from our behavior vocabulary and try to describe the modifi- 
cations and conditioning process of behavior in strict terms 
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of effect or functioning of stimulus. The terms ‘habit,’ 
‘learning,’ and ‘learning process’ are too often associated 
with the concept of trial and error on the one hand, and with 
instinct on the other. If these two latter concepts are 
dismissed from the science of behavior, their counter-concepts 
will be no longer serviceable. 

2. We have previously pointed out that in the so-called 
learning process no action or actions have been selected or 
retained. The persistency and constancy of the appearance 
of certain acts are no evidence for the fixation of a habit; 
it is due rather to the persistency and constancy of the 
prepotency of certain stimuli or their substitutes, which are 
appropriate for calling out the acts in question. Changing 
the stimulus pattern so as to shift the prepotency of stimuli 
to some new elements, the whole sequence of responses will 
be upset. After several days of an experiment on the rat 
running the maze, the sudden presence of a cat may cause 
the disappearance of the persistency and constancy of the 
rat to enter the true paths and the food box, and the whole 
experiment may need to be started all over again. But in 
such cases, no habit has been lost, inasmuch as no habit had 
been previously retained or fixated. 

3. Since the concept of the formation of new acts in the 
so-called learning process has been denied, the notion of 
the formation of new pathways will also be false by implica- 
tion. Besides, Watson has pointed out the various theoretical 
difficulties of the conception of forming new arcs.! It must 
be remembered that this concept is used as an opposite to 
the concept of preformed or preéstablished neural paths or 
instincts. Both of these two concepts have no factual basis; 
and besides, the concept of preformed neural paths is not in 
harmony with the modern views of heredity and develop- 
ment in biology. Here again, when one of the two opposite 
concepts is repudiated, the other must also go. 

4. Historically, the concept of reduction of synaptic 
resistance by exercise is also related to the psychologists’ 

1 See Watson’s ‘Psychology,’ p. 272. 

* See ‘A Psychology without Heredity’ and ‘The Net Result of the Anti-heredity 
Movement in Psychology.’ 
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neurological fantasy of instincts. Leaving its theoretical 
difficulties aside, we may point out that Lashley’s recent 
experimental results ! have given the theory of reduction of 
synaptic resistance by the passage of nervous impulse its 
coup de grace. It is true that C. J. Herrick, in his recent 
book on ‘Brain of Rats and Men,’ has raised some objections 
to Lashley’s conclusions, but such objections are based upon 
Herrick’s personal theoretical bias rather than on experi- 
mental facts. It may be safe at present to accept Lashley’s 
conclusions pending the forthcoming of counter evidence. 

In passing, it must be noted that the time has come when 
psychologists should cease to speculate about the nervous 
system any more. What we are in urgent need of at present 
is the actual working out of the physiology of behavior 
rather than any theoretical explanations based on the nervous 
system. Indeed, the concepts of the traditional physiological 
psychology are purely philosophical fantasies of the men- 
talists, and are just as useless to the student of behavior as 
the traditional psychology itself. 

Two more related points must be briefly discussed before 
we conclude. 

1. The distinction between inherited and acquired actions 
as well as the distinction between trial-and-error learning and 
learning by imitation or by insight must be abolished. 
Other things being equal, the factors of intensity, reinforce- 
ment, summation, and inhibition of stimulus are always 
responsible for the degree of rapidity and ease with which 
certain acts appear. If the animal in some cases does not 
perform the desired act with sufficient readiness and rapidity, 
1.¢. if it makes many so-called errors, it is because the stimuli 
in the experimental situation are not adequately controlled, 

1 Lashley, K. S., ‘Studies in Cerebral Functions VI.,’ Psycuor. Rev., 1924, 31, 
pp. 369-375, and also in Arch. Neurol. 9 Psychiat., 1924. 1 am inclined to think that 
in Lashley’s study the monkey has neither learned nor retained any habit as such. 
What has been retained is the prepotency of certain stimulus elements in the problem 
box situation, which elements remain effective in eliciting in the animal certain per- 
formances which may make use of any organ of the body that may not have been 
previously used for the same performance. Of course, it is implied that the organ in 


question is structurally possible and its musculature is sufficiently developed for such 
a performance. 
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so that many diverse stimuli are allowed to come into play 
and become effective in calling out those responses—the so- 
called unsuccessful acts—which are not desired by the experi- 
menter. On the other hand, when the stimulus which the 
experimenter wishes to apply to call forth the desired response 
is intense enough, or is singled out, localized and reinforced 
and hence dominates the situation from the beginning, such 
a desired act will be compelled to appear with readiness, 
rapidity, and ease, 1.¢., without trials and errors, as in the 
case of a child who only after one single experience will 
always withdraw his hand from fire, or as in the cases of the 
so-called learning by imitation or by insight. To employ 
such concepts as instinct, imitation, insight or intelligence, 
and trial and error to explain the differences in the degree 
of rapidity, readiness, and ease with which actions are per- 
formed or repeated is to confess our ignorance of the ways 
in which environmental forces act upon the animal. 

2. Consequently, the fundamental problem in animal 
behavior is not the question whether the animal learns by 
insight or by trial and error, nor is it the question of inherited 
versus acquired responses; it is rather the question of how 
behavior can be most effectively controlled, that is, how to 
control the stimulating conditions so as to force the animal 
to behavior most readily and most rapidly and with least 
chance, in the way desired by the experimenter. This is 
the principal duty of an experimenter. I wonder if animal 
work in the past years has ever been undertaken from this 
angle. Laboring under the delusions of instinct, insight, 
purpose, and trial and error, students of behavior in the 
past always looked to the animal for the production of 
responses, they took little responsibility in manipulating 
animal behavior by adequate control of stimulus. When 
all these traditional concepts are given up, and the passivistic 
view of behavior as expressed in this paper is accepted, the 
burden of initiating a response will rest on the shoulder of 
the experimenter. 

In conclusion, let me quote from Lashley: “At present 
behaviorism is based largely upon the conceptions of sub- 
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jective psychology. Its categories of behavior are derived 
from the categories of structural psychology and its ‘explana- 
tions’ are largely rephrasing of subjective descriptions. This 
is due in part to language difficulty, in part to the early 
training of most behaviorists in subjective psychology, but 
chiefly to the backwardness of the science of physiology. 

“Our current-psychological language is a weird composite 
of teleological and mechanistic terms; names for phenomena 
which, as experienced, reveal neither purpose nor cause.” } 
And I hasten to add that in order to make behaviorism 
strictly behavioristic, not a single concept in the traditional 
psychology should be used, whether or not it can be redefined 
in objective terms. Indeed, unless psychology is prepared 
to dispense with all its traditional concepts and start anew 
to investigate behavior as concrete and objectively observable 
actualities, the behaviorists “‘should find happier sailing on 
some other craft” (to use the words of Watson). 


[MS. received March 19, 1928] 


1 Lashley, K. S., ‘The Behavioristic Interpretation of Consciousness,’ PsycHou. 
REV., 1923, 30, P- 349. 








DISCUSSION 


ONE MORE DEFINITION OF HEREDITY 
AND OF INSTINCT 


Clear thinking about heredity is made difficult by the fact that 
the essential scientific issues are beclouded by political, racial, 
religious, and familial bias. I shall not take time to develop this 
statement except to remind the reader that the radical is usually 
convinced that environment can change sows’ ears into silk purses, 
whereas the conservative believes firmly in the innate and more or 
less changeless nature of man. At any rate, it is a very common 
view that the inherited characteristics of the individual cannot be 
changed. Inherited traits, especially inherited defects, are supposed 
to persist through life. But, obviously, when we cannot change a 
characteristic in the way we would like to, the reason is that we 
do not know how. Heredity has nothing to do with it. 

Without doubt, heredity is a fact. But to say that some 
traits are due to heredity, others to environment, is fallacious. 
Heredity is neither a thing nor an entity which does things; it is a 
phase of evolutionary process. The process of evolution is a 
continuous history of interaction and interchange of substance 
between organism and environment. Neither change nor stability 
is ever due to environment alone or to the organism alone. Neither 
is ever responsible—as if we were trying a question of guilt or 
innocence before a court of law. If two organisms, exactly alike, 
develop in two environments which are and continue to be exactly 
alike, their histories must be alike. If the environments differ, 
the histories may or may not differ. If they do not, it is because 
that type of organism does not react to the difference. If they 
do differ, it is because the organism does react. To be sure, 
if the environment had not changed, the organism would not 
have changed. But it is the organism which does the changing. 
Changing is a reaction of the organism to the environment, not a 
result produced by the environment alone. In the same way, if 
different organisms develop differently in similar environments, the 
difference is the result of an interaction, and is not due to the 
organism alone. 
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When a characteristic is repeated generation after generation 
we say, very properly, that it is inherited. But we say so on 
account of the repetition, not on account of a mythical responsibility 
or agency of the ancestral organisms. Whether a characteristic is 
inherited is, essentially, a statistical problem. How it is inherited 
presupposes an inquiry into the details of evolutionary history. 
What is to be done about it is, as I have indicated, a problem of 
ways and means. | 

Summing up, heredity is a phase of evolution. It refers to the 
constancy of certain products amidst the changes of evolutionary 
process. So long as certain end products remain the same, most 
of us see in them illustrations of heredity and are justified in 
doing so. 

Clearly, the definition of heredity just given implies also a 
definition of instinct. Judging from the literature, it seems a very 
easy matter to define instinct in such a way that it becomes im- 
possible to find in nature anything that corresponds to the definition. 
Thus Watson’s spirited diatribe against instinct is based entirely 
on the assumption that instinct is behavior into which learning 
has notentered. McDougall defines instinctive activity as behavior 
performed independently of prior situations. Virtually all current 
definitions resemble Watson’s or McDougall’s. I shall endeavor 
to show that activities thus defined are not to be found in nature. 

We may distinguish between the first occurrence of an instinctive 
act and laterrepetition. Postponing discussion of initial occurrence, 
I maintain that it is frequently possible to show that later per- 
formance has been modified by earlier activity, and that it is never 
possible to rule out such influence. I maintain that it is more 
fruitful to try to find out how earlier experience modifies later 
behavior than to assume that any behavior is unmodifiable. In 
order to illustrate the point, I have selected the most difficult 
illustration I could think of, viz. the activity of breathing. After 
the first breath of life the activity develops in a great variety of 
ways. ‘There is costal breathing, abdominal breathing, mouth 
breathing and nose breathing. ‘There are an infinite variety of 
ways in which breathing enters into and is an integral part of the 
behavior of the individual. Joy and sorrow, anger and fear, 
walking, running and swimming all have characteristic ways of 
breathing as integral parts of the behavior. It would be absurd 
to suppose that these varieties of breathing are uninfluenced by 
prior experience of similar situations. Indeed, every breath we 
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take is influenced in some way and in some degree by the breath 
which has preceded it. To be sure, breathing continues in some 
form as long as life endures. But that shows that breathing is 
necessary for life, not that it is impervious to experience. 

Coming now to the first breath of life, it seems to fit McDougall’s 
definition perfectly. Here, if anywhere, do we have an act per- 
formed independently of prior experience of similar situations. 
Now I agree that breathing is instinctive, but I object to 
McDougall’s criterion. I do so chiefly because at least one funda- 
mental trait, emphasized by McDougall himself as the parental 
instinct, does not satisfy the criterion and also because the criterion 
is relative and incapable of precision. Surely, neither the fertilized 
ovum nor the newly born infant exhibit parental behavior. If and 
when it develops, it develops in the only way in which any behavior 
can develop—by continuous interaction with the environment— 
and it would be absurd to suppose that parental behavior on the 
part of father, mother and others does not play a part in this 
development. To be sure, such social attitudes need play no part 
in the development of parental behavior of animals, but, aside 
from the fact that I am interested chiefly in human instinct, I 
doubt whether the situation to which the animal reacts is as novel 
as McDougall believes. 

That brings me to my other objection, the relativity of novelty 
as a criterion. There is nothing new under the sun. The state- 
ment is trite, but it is also true. In order to make it concrete, 
let me go to the beginnings of the evolution of parental behavior. 
Very early appearances, if not the earliest, are to be found amongst 
the fishes. In some of the forms, the male remains with the fertilized 
ova and fights off intruders, thus increasing the chances of survival 
of the individual ovum. Here the situation to which the male 
reacts is similar to situations reacted to previously in the history 
of the individual. Bearing in mind that the sex object of the male 
is the ovum, not the female, the difference which has evolved is 
that the male remains near the séx object after the sex act proper. 
In other words, parental behavior is a continuation of sex behavior. 
Such continuity is to be found everywhere in the history of evolution. 
A new function develops as a specialization of an old one, as when 
phototropic behavior develops into vision. The assumption of 
absolute novelty at any point in the history of evolution is unwise. 
It is far more fruitful to assume that the appearance of absolute 
novelty is due to our ignorance of relevant detail. There may be 
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and there are abrupt changes, but there is no such thing as absolute 
novelty. Except by arbitrary definition, life and experience do 
not begin at a well-defined point, and once begun the history is 
continuous. Returning to the first breath of life, I confess freely 
that I do not know in what respect the behavior, regarded as 
conscious behavior, is similar to previous behavior. That is why 
I selected the illustration. But if I were trying to find out I should 
endeavor to make a close study of fcetal life with reference to many 
facts which might be relevant, such as reaction to high carbon 
dioxide content in the blood of the mother, reaction to sudden 
changes in position, and the like. Birth is the most abrupt and 
sudden change in the history of the organism. It requires neither 
a fund of information nor profound thought to recognize that. 
But we shall gain a better understanding of postnatal life by 
bridging this gap, not by emphasizing it. 

There is a body of accumulated fact, much of it extremely 
obvious, which has come to be grouped under the heading heredity. 
Instinct forms a subgroup. In order to gain intellectual mastery 
over the facts of instinct, scientists have evolved certain generaliza- 
tions on which there is general agreement. They are, in part, 
(1) the behavior is repeated generation after generation, (2) the 
behavior has been and perhaps still is useful for survival and 
(3) the behavior is ‘unlearned,’ ‘independent of experience of 
similar situations,’ or independent of environment in some other 
sense. I have endeavored to show that the last notion is a logical 
fallacy. Behavior is interaction, interchange, and interrelation 
with environment and cannot be independent of it. Similarity of 
experienced situation should be judged from the point of view of 
the experiencing organism and is not likely to be entirely novel. 
Most important of all, there are activities, such as parental behavior, 
which satisfy the first two criteria, but do not satisfy the third. 
It is important to recognize the basic and fundamental character 
of such behavior. It is a mistake to demand that behavior be 
changeless in order to be regarded as fundamental. If a trait 
occurs so frequently that its incidence is almost universal, if the 
genesis and development of such a trait has been, and perhaps 
still is, of very great importance in the history of species, and if 
knowledge of the trait is important for prediction and control of 
behavior, that trait should be called a fundamental trait—or else 
there are no fundamental traits. 

It is a fact amongst the higher forms of life that the parent 
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forms behave in such a way as to make possible the survival of 
their young. It is a fact that such behavior has been, and much 
of it is, biologically necessary for survival of the species. It is a 
fact that knowledge of such behavior in detail enables us to predict 
the action of any given individual in given circumstances with a 
high degree of accuracy. To be sure, such knowledge gives us 
only a partial understanding of parental behavior, and as thorough 
an understanding as possible is, and should be, the goal of science. 
But understanding has, and will be attained through study of the 
details of developmental history. It will not come through denial 
of the fundamental character of the guasi statistical facts which 
we know already and to which I have called attention. Prediction, 
control, and some degree of understanding is possible and is exercised 
on the basis of present-day knowledge without adjudicating the 
responsibility of the organism or of the environment. 

A frequent view about the nature of the instinctive act is, in 
the language of James, that it produces certain ends without fore- 
sight of the ends. At the same time, it is held frequently that the 
act is purposive or, as I prefer to say, meaningful. I have written 
on the significance of the meaningful act elsewhere in some detail. 
At the present time I wish to point out, as James pointed out long 
ago, that what an act means may be, and usually is, quite different 
from the biological end or consequence of that act. ‘To cite James, 
a nestful of eggs to a broody hen is the most fascinating, precious, 
never-too-much-to-be-sat-upon object in the world. Meantime 
the hen does not mean to hatch chicks. In the case of human 
beings, the use of contraceptives shows clearly that the organism 
does not always mean to produce the biological end which might 
occur without foresight. We do not know and, in my opinion, 
we shall never know what biological processes mean, if indeed they 
mean anything. Accordingly, so long as we confuse biological 
processes with meaningful behavior we shall continue to disagree 
about the purposive nature of instinct. Once we come to see that 
meaningful behavior is sometimes a part, but never the whole of 
biological process, the difficulty disappears. The question what a 
given act means, if anything, can then be answered on the basis of 
relevant evidence. Without desiring to be dogmatic, I believe 
that the evidence supports the view that the activities usually 
described as instinctive are meaningful, and that the meaning of 
such acts can be ascertained, even though the meaning be somewhat 
undeveloped. We must bear in mind, however, that such meaning 
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as we can demonstrate is psychological, not biological. All food- 
procuring activities may be grouped together as biological processes 
instinctive in character. But, regarded as meaningful behavior, 
these activities mean many things such as satisfying an appetite, 
preventing a headache, utilizing a rest period, and the like. I do 
not believe that the food-seeking organism ever means to preserve 
the species. And self-preservation is a rare motive. So far as I 
am concerned, once meaning is distinguished from teleology, I do 
not care very much what becomes of teleology. 

Summing up, instinct may be defined as follows. Any form of 
meaningful behavior is to be regarded as instinctive if, and so far 
as it has developed during the history of the species and of the 
individual as an adaptation to biological necessity, provided such 
behavior occurs in (let us say) 98 per cent of the species. If X is 
equal to 2Y, any value whatever may be given to X or Y, but 2 is 
constant. In the same way, if the survival of a species depends 
upon parental care, and if survival is possible in the environment, 
parental behavior will occur. Parental behavior is a constant 
amidst all the varieties of activity of the higher reaches of life. 
Accordingly, parental behavior is inherited and, according to the 
very last and very latest definition of instinct, it is instinctive. 

In conclusion, it is probable that some of my readers may feel 
that, in refusing to attribute anything to the organism alone, I 
have failed to do justice to the conception of organic unity. In 
reply, I may say that I have not attempted to clarify that 
tremendous problem. My more modest task has been to clarify 


my thinking about heredity and instinct. 


Curt RosENow 
InstiTUTE FoR Cuitp GUIDANCE, 


New Yor«x City 


(MS. received February 15, 1928] 


HOW WE LEARN OUR ‘REFLEXES’ 


The following observations are so simple in character and so 
obvious that they must have often been made. The writer is not, 
however, acquainted with any case in which they have been used 
systematically. ‘They seem to have certain wide implications, for 
the sake of which attention is here called to them, at the risk of 
banality. 

Suppose we define a reflex as an inborn disposition to give a 
specific response to a particularly located stimulus. [Illustrations 
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of such reflexes are to be found in the following familiar reactions, 
observable in the early days of the human infant: 


The grasping reflex, to pressure on the palm. 

The wink reflex, to stimulation of the cornea. 

The head turning reflex, in response to pressure on one or the 
other cheek. 

The knee jerk, in response to sudden patellar stimulation. 

Turning the eye toward the direction of a moving peripheral 
stimulus. 

Sucking at any object placed in contact with lips or between the 
gums. 


Many other familiar reflexes, such as swallowing, weeping, 
erection, coughing, yawning, pupillary contraction, might be cited. 
The list first given will suffice to illustrate the principle, which 
seems applicable also in at least many of the other cases. That 
the reflex character of some of these reactions (as knee jerk, turning 
the eye) has been questioned need not concern us here. 

The observation is that these reflexes usually result in the 
reproduction of the stimulus which evoked them. Thus the 
grasping reflex produces pressure on the palm, by finger tips or 
other object held in the hand. And pressure on the palm is precisely 
the usual stimulus to the grasping reflex. Except perhaps for the 
refractory period of the muscles concerned, we might expect a 
permanent contracture or circular reflex to ensue, since the normal 
stimulus to grasping is produced by that very act itself. 

Note also the similar situation in the other cases. The result 
of the wink reflex is corneal stimulation by the moving eyelid. 
Turning the head to the left, in a fluid medium or when other 
objects are very near the face, produces increased pressure on the 
cheek on the side toward which the head is turned. A sudden 
upward thrust of the lower leg is very likely to result in sudden 
contact of nearby objects with the patella. Turning the fovea 
toward any peripheral object results in a movement of that stimulus 
over the retina. In close quarters, as in the case of the embryo, 
sucking movements will tend to produce lip contact with substances 
or tissues in close proximity. In all these cases, as in others that 
could be cited, the reflex reproduces its own stimulus. 

Suppose there were no ‘native pathways’ in the nervous system, 
leading from points of peripheral bodily stimulation to special 
motor outlets, but only a vast net-work of connections, direct or 
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indirect, of every point with every other. In the embryo, internal 
changes, such as those involved in growth, metabolism, circulation, 
might be adequate to set up wide-spread random or diffuse motor 
discharges over all or many of the neural motor lines at the time 
myelinated, synaptically joined, etc. Other diffuse stimuli, origi- 
nating within or from outside the maternal organism might be 
equally effective in producing random movements of the embryo, 
as in the case of loud sounds and sudden movements or jars. With- 
out there being any specific stimuli for movements of fingers, eyes, 
head, legs, such movements might often result in these ‘random 
discharge’ ways. Some of these movements would be of such a 
sort as to stimulate the peripheral surface of the embryo itself, 
in ways such as we have described. 

In such cases we have the usual pattern required to establish 
redintegrative reactions. Some unknown and perhaps diffuse 
stimulus (call it 4) is responsible for contraction of the eyelid 
muscles (response Y). This event, while still in progress and so 
long as it lasts, produces stimulus B (corneal contact or pressure), 
which may in turn also produce its own motor discharge Z (diffuse 
or specific). We may diagram the situation in the following way: 



































— Contraction of eyelid muscles 
‘ a in response to stimulus item 4 
item 4 ot 
Unknown 
motor re- 
Corneal contact sponse to 
stimulus item B, item B 
Antecedent Consequent 
(Co-stimulus) (Co-response) 


In such a situation we have the typical case, somewhat compli- 
cated by time relations, but nevertheless simple. Complex stimulus 
AB \eads to complex response YZ. It happens that items 4 and Z 
are unknown at the moment, but that is immaterial for the present 
purpose, so long as we are permitted to conjecture their occurrence. 

Thereafter, according to the redintegrative paradigm, stimulus 
detail B should, at least after a few repetitions of this pattern, be 
potent to evoke the total response YZ, the outstanding feature of 
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which is eyelid contraction. We thus have a learned sequence. 
As the result of this learning, corneal contact or pressure becomes a 
specific, localized and external stimulus to lid closing. Moreover, 
upon every occasion of its occurrence, there is re-learning, for 
corneal contact always results from the response to corneal contact. 

By the time of birth therefore we might easily expect the 
‘wink reflex’ to be well established. But it would be a /earned 
reaction, redintegratively established during embryonic life, not due 
to specific inherited nerve pathways of low resistance. Similar 
analysis can easily be made in the case of the other reflexes we have 
cited, such as head turning, grasping, erection, sucking, knee jerk, 


visual fixation.! 
Such learned reactions might well be perpetuated either if 


they had any practical utility, as in the wink reflex and the head 
turning (breast seeking) reflexes; or if they produced no important 
inconvenience (as perhaps in the knee jerk). But in some cases 
(as the grasping reflex) they would soon be overlaid by other 
learned codrdinations of a more useful or less dangerous sort. 
Hence the grasping reflex is no vestigial relic of the arboreal life 
of our progenitors. Nor does it decline or fade by any inner law 
of its being. It is learned by the embryo in accord with the 
redintegrative paradigm, which is the pattern of all learning. 
And it is shortly unlearned or overcome after birth by the same 
general process. 

This is of course not to deny that there are any ‘inherited 
pathways’ or reflexes in the traditional sense. Perhaps there are. 
The suggestion is clear however that many reaction patterns 
hitherto classed, as native reflexes may perfectly well be learned 
responses, All that is required for this is that the response, acci- 
dentally caused, produce, among other results, a stimulation similar 
to that which, later in its history, we find to be its normal stimulus. 
There seem to be at least a respectable number of such learned 


reflexes. 
H. L. HoLttincwortu 
Barnarp COLLEGE, 
CotumsBia UNIVERSITY 


[MS. received February 15, 1928] 


1 For somewhat analogous suggestions in connection with grasping see R. C. 
Givler, “The Intellectual Significance of the Grasping Reflex,’ J. Phil., Nov. 10, 1921. 
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DID FECHNER MEASURE SENSATION? 


Dr. Johnson’s recent discussion of Some Fallacies Underlying 
the Use of Psychological ‘Tests’! in general wins my applause. 
He seems to me to say in effect that to define a mental trait as 
what the test for that trait tests is to commit a petitio principti 
and not to define the trait. He seems further to say in effect that 
every scientific fact is a correlation between two observed variables 
(cf. Karl Pearson). With both these points and with most of his 
instances I heartily agree. To ask the question whether a supposed 
test of A really measures 4 when there has never been any measure 
of A but that test, is to ask an unanswerable question because it is 
meaningless. 

When, however, Johnson includes Fechner among those who 
commit this error, I rise in protest even though I know that the 
Elemente is not always clear as to just what was in Fechner’s mind. 
Johnson asks his readers to read the Elemente itself and not to 
rely on secondary sources. I ask my readers to do the same.” 

Fechner begins with ‘der erfahrungsmassige Weber’sche Gesetz’ 
according to which dy remains constant when d@/8 is constant. 
The adjective is important. The law is an empirical induction, 
not a mere mathematical naming of something “as the savage 
bestows the name of his enemy upon a doll” —in Johnson’s phrase. 
We have here two observed terms in observed correlation: df is 
that observed increment of stimulus that is observed as the correlate 
of dy, an observed increment of sensation, the just noticeable 
difference. Of course, as Johnson says, Fechner argued at length 
that you can not directly measure sensation; but he never said 
that you can not observe the intensity of a sensation or a difference 
in the intensities of two sensations. The phrase ‘just noticeable 
difference’ belies Johnson’s implication. This difference is not a 
difference of stimuli. With weights, d8 is much more than just 
noticeable on any balance proper for weighing the weights in 
question. The difference is a difference in sensation and the entire 

a Johnson, H. M., Psycuot. Rev., 1928, 35, 328-337; see esp. p. 331. 

*See Fechner, G. Th., ‘Elemente der Psychophysik,’ 1860 (or the reprint of 
1889), II., 9-13, where the Maasformel is derived. Of course one ought to know more 
than the content of these few pages to realize how empirically real + was to Fechner 
as well as 8. 

The date of the ‘Elemente’ is, by the way, 1860, not 1859. In 1859 Fechner 


published only two preliminary articles on the relation of the psychophysical law to 
stellar magnitudes, 
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argument rests upon the empirical fact of Weber’s experiments 
that such differences are noticeable and may even be observable 
as just noticeable. 

What Fechner was after was to take Weber’s erfahrungsmdassiger 
Gesetz and to develop it mathematically into a formula of measure- 
ment. First he generalized it into the Fundamentalformel. The 
validity of this generalization has been questioned, but, if Fechner 
was wrong, his error was not the one of which Johnson is com- 
plaining. Whether Fechner was right or wrong depends upon the 
results of experiments with supraliminal sense-distances. Fechner 
made an assumption, but it was not the sort of assumption that 
can not be tested empirically, although unfortunately the subsequent 
experiments have been scanty and thus equivocal. Then Fechner 
integrated the Fundamentalformel and came out with a formula of 
measurement. He was not, however, satisfied with his units, so 
he appealed to the fundamental hypothesis that underlies all 
experiments upon the limen, viz., that y =O when B=0b. Bya 
process of substitution he got the Maasformel, which Johnson cites. 

Johnson says that the Maasformel “defines a function of the 
ratio of the intensities 8 and b of the two stimuli: nothing more’’; 
and that “upon this relationship Fechner bestowed the name 
‘intensity of the sensation aroused by the stimulus whose intensity 
is B.’” This is the petitio principii of which he accuses Fechner. 
Is it ‘nothing more’ than a mere mathematical naming to start 
with an empirical correlation between the observed terms y and 8, 
and to derive the general formula which the initial case implies 
and which is so definitely in correlational terms that its empirical 
test may then be undertaken? I am inclined to think that such a 
way of going to work is of a piece with the most highly approved 
scientific procedure. 

There is a way, I think, in which Fechner, and most of the 
enthusiasts for Weber’s Law who have come since Fechner, have 
fallen incompletely into the sort of fallacy that concerns Johnson. 
This error, however, seems to me to be the reverse of the one which 
he attributes to Fechner and to be present only by implication. 
I mean to say that there is a tendency to define 8 by y, rather than 
the other way. Relatively speaking, everybody knows what y is, 
independently of 8; but what in the world is 8, the ‘intensity’ of a 
stimulus? Is 8 energy, or force, or pressure, or surface tension, 
or power, or some other physical quantity, and is it the quantity 
measured in some aspect of an external stimulus-object, or in some 
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other aspect, or at the sense-organ, or in the sense-organ, or at the 
receptor, or somewhere else? In any case where Weber’s Law 
might apply, there are several possibilities for the measurement 
of 8, and often the different possibilities in the same case are for 
quantities that could not be related linearly. If the Maasformel 
held for one 8, it could not hold for another that did not have a 
linear relation to it. Yet Fechner and a host of others have talked 
as if the Maasformel were a general law that might be expected 
universally to apply, without giving any indication how 8 is to be 
determined. Would these persons perhaps choose the f that 
satisfied the Maasformel, if there were one? They then would be 
landed in the general error which Johnson exposes, but in reverse 


direction. 
Epwin G. Borinc 
Harvarp UNIVERSITY 


[MS. received July 20, 1928] 
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